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Background 



Silverbrook's bilithic Memjet^^ printheads are the target printheads for printing systems 
which will be controlled by SoPEC and MoPEC devices. 

This document presets the format and structure of these printheads, and describes the 
then- possible arrangonents in the taigct systems. It also defines a set of temis used to dif- 
ferentiate between the types of printheads and the systems which use them. 



Currently, this document is only concerned with the structure of the printheads and their 
systems, with regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [IJ for the complete description of the func- 
tionality of these devices. 

This document relies on certain definitions and details presented in Bilithic Printhead 
Specification [1]. 



It is intended that this document be used as a reference for engineers involved in the 
design work on the SoPEC and MoPEC projects. 



1,1 



Companion Documents 



1.2 



Readership 
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2 Definitions 

This document presents terminology and definitions used to describe the bilithic printhead 
systems. These terms and definitions are as follows: 

• Printhead TVpe - There are 3 parameters which define the type of printhead used in a 
system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with 
the printhead shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to F+ ), 

• Printheadfootprint(type A or type B, characterized by the data pin being on the left 
or the right of where is at the top of the printhead). 

• Pripth^^j AiTangcmeqt - Even though there are 8 printhead types, each arrangement 

has to use a specific pairing of printheads, as discussed in Section 3. This gives 4 
pairs of printheads. However, because the paper can flow in either direction with 
respect to the printheads, there are a total of eight possible arrangements, e.g. 
Arrangement I has a Type 0 printhead on the left with respect to the paper flow, and 
a Type 1 printhead on the right. Arrangement 2 uses the same prin^ead pair as 
Arrangement 1, but the paper flows in the opposite direction. 

• Color Q is always the first color plane encountered by tiie paper. 

• DptQ is defined as the nozzle which can print a dot in the left-most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout tHis document, where the various printheads and systems are pre- 
sented, the prindieads aiSSSXS, shoot ink down onto the page. 

Figure 1 shows the 8 different possible printhead types. Type 0 is identical to the Right 
Printhead presented in Figure 3 iii [1], and Type 1 is the same as the Left Printhead as 
defined in [1]. 
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While the primheads shown in Figure I look to be of equal width (having the same number 
of nozzles) it is important to remember that in a typical system, a pair of unequal sized 
printheads may be used 
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Type 7 printhead 



Figure 1. Printhead Types 0 to 7 

Table 1 defines the printhead pairing and location of the each printhead type, with respect 
to the flow of paper, for the 8 possible arrangements. 



Table 1. Definition of the different printhead arrangements 



^^^^^^^^^^^ 










Arrangement 1 


Type 0 


Typel 


Arrangement 2 


Type 1 


TypeO 


Arrangement 3 


Type 2 


Type 3 


Arrangement 4 


Types 


Type2 


Arrangement 5 


Type 4 


Type 5 


An-angement 6 


Type 5 


Type 4 


Arrangement 7 


Types 


Type 7 


Arrangement 8 


Type 7 


Type 6 
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3 Bilithic Printhead Systems 

When using the bilithic printheads, the position of the power/gnd bars coupled with the 
physical footprint of the printheads mean that we must use a specific pairing of printheads 
together for printing on the same side of an A4 (or wider) page, e.g. we must always use a 
Type 0 printhead with a TVpe 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of print- 
heads, this document only presents two of them, Anangemcnt 1 and Arrangement 2. for 
purposes of illustration. These two arrangements are discussed in subsequent sections of 
this document. However, the other 6 possibilities also need to be considered. 

The main difference between the two printhead arrangements discussed in this document 
is the direction of the paper flow. Because of this, the dot data has to be loaded differently 
in Arrangement 1 compared to Arrangement 2, in order to render the page correctly. 
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3.1 Example 1 : Printhead Arrangement 1 



Figure 2 shows an Arrangement 1 printing setup, where the bilithic printheads are 
arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right. 



lype 0 Printhead 



lype 1 Printhead 




Gnd 



The printheads are facing downwards. 
The ink is being shot down onto the pace. Direction 

of Paper Flow 



Figure 2. Identification of printheads nozzles and shfftH'eglster sequences for 
printtieads in Arrangement 1 
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Table 2 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 2. Order in which the even and odd dots are loaded for printhead Arrangement 









Odd 


Loaded second in 
descending order. 


Loaded first in 
descending order. 


Even 


Loaded first \n 
ascending order 


Loaded second in 
ascending order. 



Figure 3 shows how the dot data is demultiplexed within the printheads. 

lype 0 Printhead Type 1 Printhead 



Data[13. 



Data[0}. 




Data[0] 



Data[I) 



Figure 3. Demultiplexing of data within the printheads In Arrangement 1 

Figure 4 and Figure 5 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 1, to ensure that color 0-dot 0 appears on the left side of the printed 
page. 

Data[l] 

SfClk nJTJTJTJTJlJnJlJT>^^ 



Figure 4. Signalling for a Type 0 printhead in Arrangement 1 



Data[0] ^2!i>^4p(gp^jp^9jg^ 
Datall) 

SrClk nJlJlJlJTLHJlJlSiy 

Figure 5. Signalling for a lype 1 printhead in Arrangement 1 
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3.2 Example 2: Printhead Arrangement 2 

Figure 6 shows an Arrangement 2 printing setup, where the bilithic printhcads are 
arranged as follows: 

• The TVpe I printhead is on the left with respect to the direction of the paper flow. 

• The lype 0 printhead is on the right. 



The printheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Printhead 



t t 

Direction 
of Paper Flow 
V+ 



lype 1 Printhead 




Gnd 



Flguro 6. Identification of printheads nozzles and sliift-iogister sequences for 
printheads in Arrangement 2 
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Table 3 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 3. Order in which the even and odd dots are loaded for printhead Arrangement 









Odd 


Loaded first in 
descending order. 


Loaded second in 
descending order. 


Even 


Loaded second tn 
ascending order. 


Loaded first In 
ascending order. 



Figure 7 shows how the dot data is demultiplexed within the printfieads. 

■tear 

Type 0 Printhead Type I Printhead 
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MS ««UntoS IM 





-Data[0] 



.Datarn 



Figure 7. Oemultlpfexlng of data within the prlntheads In Airangement 2 

Figure 8 and Figure 9 show the way in whidi the dot data needs to be loaded into the print- 
heads in Arrangement 2, to ensure diat color 0-dot 0 appears on the left side of die printed 
page. 

SiClk -XTLTLnJTJTJlJTJTy^ 

Figure 8. Signalling for a Type 0 printhead In Arrangement 2 



srcik ^J^LJ^J1J^J^J^J^J^^^ 

Figure 9. Signalling for a Type 1 printhead in Arrangement 2 
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3.3 Conclusions 



Comparing the signalling diagrams for Anangement 1 with those shown for Arrangement 
2, it can be seen that the color/dot sequence output for a printhead type in Arrangement 1 
is the reverse of the sequence for same printhead in Arrangement 2 in terms of the order in 
which the color plane data is output, as well as whether even or odd data is output first. 
However, the order within a color plane remains the same» i.e. odd descending, even 
ascending. 

From Figure 10 and Table 4, it can be seen that the plane which has to be loaded first (i.e. 
even or odd) depends on tfie arrangement Also, the order in which the dots have to be 
loaded (e.g. even ascending or descending etc.) is dependent on the arrangement 

If the device controlling the printheads can re-order the bits according to the following cri- 
teria, then it should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes in either ascending or descending order, inde- 
pendently. 

• Be able to reverse the sequence in which the color planes of a single dot arc output to 
the printhead. 



Arrangement 1 ^ 



1± 



Paper 



Arrangement 2 





Paper 

U 




f^Urm <**»r» 



V Anangement 3 




^ Arrangement 5 



Paper 



^Arrangement? ^ 
fit'.' 



1± 



Paper 



Arrangement 4 




Annangement 6 




Arrangement 8 




Figure 10. All 8 Printhead Arrangements 
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Table 4. Order in which even and odd dots and planes are loaded into the various 
printhead arrangements 



^>^>i^4prlnthead^^^S^^r 
tiMjfi^H^«'9?jnen 






Arrangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 


Anrangement 3 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 7 


Even ascending loaded fir^ 
Odd descending loaded second 


Odd descending loaded first 
Even ascertding loaded second 


Arrangement 8 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Bi-lithic Printhead Specification 



1.0 Basic Requirements 

by "Stitching^ • reticle images. 

ketas 1600 dpi. 

same colour) scheme employed. 

1.1 Power Supply 

Vdd/Vposai.dGroundsupplyismadeJ.ough30um^^^^ 

chip usl.g corxductive adhesive to bus bar beside 

(12V was considered for Vpos but toutmg of CMOS Vdd at i.i v woui 

over the length of the chips, but this will be revisited). 

1.2 MEMS cells 

during this pulse. 
1.2.1 ISSUE!!! 

. pag« per 2 »««d. or-300 ^ '^ ^(^^J^::^^^^^^. 
ner line With 1 usec fire pulse cycle, every 100th nozzle neeos w lu 
Oc^S^g^Sd) We have 13824 nozzles aci^ss the page, so we fire 138 nozzles at 
time. That is about 8 Amperes if all nozzle fire. 

T^t is 8 Ampei^ is for only 1 colour! 1 6A * 6 colours - 96 A for all colours. 

HOW many colours couldprintatthe same t^e. CJ^c^^^ 

ours at the time are required, to create map "^^^^^^^^^^^^^f InfiaRed ink. 

as^^ - not aligned to print the same point at the same time. 

With a 138 nozzles * 3.12 inks firing at the same time, at 180 nJ each in 1 usee, the 
m^jet no Jet^l average (138*3.T2M80)/1000 = 78 W running a foU speed. 



1.2.2 64um unit cell height 

™. ccn would have 4 line spacing between «.e odd and eve. do«. 8 Bne spacing 

between adjacent colours. 

123 80 um unit cell height 

TWsceUwou,dhave51inesp^b«ween*eoddand.vendou.andlO«ne spacing 
between adjacent colours. 

1.3 Versions 

1.3.1 6 Colour 1600 dpi with 64 um unit ceU 

Left and Right Chip. This version wiU not be prototyped. 

13.2 6 Colour 160Q dpi v4th 80 um unit ceU 

Left and Right Chip. 

1.3.3 4 Colour 800 dpi with 80 um unit ceU 

For camera application. Single nozzle row per colour. 
This version wiU not be prototyped. 

1.4 Air Supply 

AirmustbesuppliedtotheMEMSregion through holes in the chip. 

2.0 Head Sizes 

Awi .T? 1. Head Combinations 




wafer layout, manages to avoid this set, without any loses. 



3.0 Interface 

diffeientpinout).Pinsinarkcdas.coinmoncanbcconte^^^ & 



TABLE 2. yO pins 



Nam e 



tttoLfO-U 



SrClkL 



ReadL 



ncL 



I/O 



Fu nction 

(DataL the complementary signal). colours(0-21 on 
DataTOI. colourt3'5] on Datall] 



Feedback for CMOS testing (LSynd^l. ReadL^) 
and iLSyncL-=0, ReadL=Q) 
[0] - nozzle test result 
[1]- temperature 



Max 
Speed I 
Com mon |(MH2)j 

No boo 



[Feedback for CMOS testing {LSyncL'^h ReadL^) 
and (LSywdL^O. ReadLr^) 
[0] - nozzle test result 

[1] - te mperature ^ 

Dot data shift clock using Differential 5>ignalling 
(SiClkL the complementary signal) 



complementary signal of SiClk 



Data[0-l]/DataL[0-l] in output mode (driving non-dif- 
ferential) . 



I 



Fire pat tern shift clock 
Pulse Profile for all colours 



600** 



Yes 



" 0 - Capture dot data for next print line 

a. ^ctionallyJuldbeL55Son.b«tforti«.ng/electric^^ 

b. 300 MHz clock, so edges arc 600 Mhz rate 

c 1 MH2cyde.buttheresoIutionofthein3rk/spacenUiomayrequ.ie50ns. 
d 10 kHz cycle, with minimum low pulse of 10 ns (no maximum), 
controller (SOPEC). 
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3.1 Dot firing 

signals are high, the nozzle wUl fire. 
FIGURE 1. Print head structure 



^^^^^^^ 





. eKif» rAoister with input Data[x], 

The dot data is provide to ^^V^i^P^^^^f ^^.^^^ on to the Data signals, 

and clocked into the chip ^^^rClk. The dot data is^^ v .^^ 

as Dot[0-2J on DatafOJ, and ^.^^'^'^^^^.^Z^^ with a low pulse in 

dot shift register, tins data fjot ?ata used to fire the nozzle. The use 

LsyncL. The value in the dot 'a^h fonns Ae dot da^^^ ^^.^ ^^g,3t^,^ 

of the dot latch allows the next °^^^3^J^i, foed. 
atthesametimethedotpattemmtheflotlatcnisoee ^ 

Across thetopofacolunmofno^es^n^|12^^^ 
Tg^^S^^register bit ineach direction flo^ 



FIGURE 2- Column Structure 




Dotl31-^ 
SrCIko ^ 

Dotpl 
SrClk2 

DotlH 
SrCIki 

Dot[0] 
SrClko 



selects the reverse direction Are register. 

The third signal need, the profile. ^ 
whole colour row at the same tune 



(with a slight propagation deUy per column). 
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3.2 D*tSl.it« Register Orien..«.» ,^f„™„n,Webi-U«uc 

^ A . .1.4ft rerister dot mapping to page 

FIGURE 3. Priiitheaddotsh^ 

i Paper Movement 

ln-1 n-5 
n-3 




section A-AThrough Even nozzles 




'"+2 in-2 

■o n g 



4 2 0 




RiptPrint Heaa - m n»«l~ 

• th^foUovdngdatastreamswUlneedtoprovidcd. 
With this mapping, the foUowing 

^ .... V Head Combina. -- »^«ems (»-13S24) 

1 .pft Head | - 

, ( 1 d ot order ^ n.!^nlri 1 5 4075,4077,40 ;y,l Iw^ V+S 

iSize n-m 1 - ,-»»i8 4084 4082.40JiO,J line y ^5 HO^^K^'T^^fi 4074 .4;t. 011mey . 

TT?T;ii23;i325;8327^^ 
■S6:8i24,8322_4£^^ » 



9744 



Ll'^;'k.lno738 .4.2.01 imey. 1 



pulses (and 3L+1 rising edges). 



nCVm 4. Data Timing During Printing 




3 3 Fire Shift Register 

^ 1 ««. Tfthe register is foil of I's then 

The fire shift '-^i^-'^Z^ItZ -^^^PrClk cyl. You do not .ant to do 
theyoucouldprintthe entire print heacimas g 

that (4800A)! . ^ 



FIGURE 5. Print quaUty 




s in the fire select shift repster 



a) Printing every «*dot with .Uxero' 



^^^^^^^^^^^^^^^ 

.)PHntlngeveryn*dot.itha«oneMnthefir.se.ectshirt register 

OOOOOCXJU.^^ .h«««one'sinthefireselectshiftrcglsters 
c) Printing every dot with n zero's then « one s .n 

^ rt^-yip at the same time starting 
This is done by firing 2 "0^«J»J2'ni" ZT^J'^^^ ^ 
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To achieve this fire pattern the fire shift register and select shift register need to 
be set up as show in Figiire 6. 

FIGURE 6. Fire and Select Shift Register setup for printing 

jfSSOLPpjgo; 



.0000000. .0001111111.. . .11X0000000. . 



iflro shift 

I^^Jroglster 

.0001111111. ...Ill select shl£t reg 



The pattern has shifted a * T into the fire shift register every n'^ positions (where n is 
usually is a minimum of about 100) and w Ts, followed n *0's in the select shift 
register. At a start of a print cycle, these patterns need to be aligned as above, with the 
"1 000..." of a forward half of fire shift register, matching an n grouping of * T or 
*0's in the select shift register. As well, wiA the "1000..." of a reverse half of the 
fire shift register, matching an n grouping of T or *0's in the select shift regis- 
ter And to continue this print pattern across the butt ends of the chips, the select 
shift register in each should end with a complete block of n * Ts (or *0*s). 

FIGURE 7. Fire Pattern across butt end of Print Chips 



.1110000000. . ••0001111111. . . .111 
ZiOft Print Head Fire/8elect 



1111111. . . .1110000000. . . .0001111111 
Right PriAt Head Fix-e/Select SR 



Since the two chips can be of different lengths, it makes initialisation of these pattern 
difficult. This is solved by building initialisation circuitry into chips. This circuit is 
controlled by to registers, nlen(14) and count(14) and b(1)* These registers are 
loaded serially through DatafOJ, v/bile LSyncL is low, and ReadL is high with FrClk. 



FIGURE 8. Fire Pattern Generation 




The scan oider from input is b, n[13-0],c[0-13], therefore b is shifted in last. 
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The following table shows the values to programme the bi-lithic head pairs using a fire 
TABLE 4. Head Combinations Initialisation for n=l(K) 



Nozzles 
La 


Nozzles 
Lb 


nlen(A&B) = 
n-1 


county « 
(La/2) mod n 
-1 


bA 


bB 


reiw= 
(Lq/I) mod n 


' county 
(L^-LB+rem) mod n 
-1 


9744 


4080 


99 


71 


0 


0 


40 


3 


8328 


5496 


99 


63 


0 


0 


48 


79 


6912 


6912 


99 


55 


0 


0 


56 


55 



and once the registers are initialised with LA FrClk cycles (ReadL='0', LSyncL='r). 
rem would be the correct value for counte if chip B was only clocked (FrClk) L3 
times. But this chip will be over clocked L^-Lg cycles. The values of and bg are 
either the same or inverse of each other. The actually value does not matter. They need 
to be different from each other if the select shift registers would end up with differ- 
ent values at the butt ends. lf(L/^/2n) is even (and county is non zero), then the final 
run in *A's select shift register will be Ib^. If mod n is even (and COuntB is 

non zero) then the final run in *B's select shift register will be Ibg. 



FIGURE 9. Determining Select Shift Register value 

Head A 



□: 



select shift register length 



♦ La 

count^^l 



^1 



HeadB 



Q. 



^ Lb/2 select shift register lengOi 




3.4 Profile Pattern 

A profile pattern is repeated at FrClk rate. It is expected to be a single pulse about lus 
long. But it could be a more complicated series of pulse. The actual pattern depends on 
the ink type. 

The following figure show the external timing to print a line of data. In this example 
the line is printed in 8 cycles of FrClk. 
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FIGURE 10. Timing for printing Signals 

-4 

LsyncC y -jj 
ReadL ~ ' 




riJTLJijmjiJMJi.™ rm_ 

3.5 Interface Modes 

The print heads a eight different modes controlled by signals ReadL and LSyncL. As 
seen in Figure 9 with both LSyncL and ReadL high, the chip in normal printing mode. 
Some of these mode can operate at the same time, but may interfere with the result of 
the other modes. 



TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


1 


1 


Noimal Print Mode 


SrClk«Srak/3 

frcDsr^FiClk 

SclClkH) 

FsClk-FiClk 

Scan=0 

CoreScan=0 


X 


0 


Dot Load Mode 

• Dot latches are open, loaded with Dot shift regis- 
ters, latch once LSyncL returns to 1 (this happens 
regardless of ReadL) 

• Enables Dot Shift register to capture fire result. 




1 


0 


Fire Load Mode 

• Data[0] will shift through nien, count and b with 
FrClk 


SrClk=X 

frclk-X 

SelClk«X 

FsClk»FrClk 

Scan=l 

CoreScan^X 
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TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


0 


1 


Reset Nozzle Test 

• Resets the state of nozzle test circuit 


SiClk=SrCIk 
FiClk=FrClk 

SelClk=FrCIk 
FsClk^FrClk 
Scan=0 
CoreScan=»l 


0 


1 


CMOS testing mode 

• The contents of the dot shift registers are serial 
shifted out on Data [0-1] with ^KT/Jt 


0 


1 


Fire Initialise mode 

• The contents of the fire shift register and select 
shift register is generated with FrClk 


0 


0 


Temperature Output 

• The series of Delta Sigma output are clocked out on 
DatafO] with FrClk, The sum of these bits represent 
the temperature of the chip. 


SrClk=X 

frclk-O 

SelClk=0 

FsClk=0 

Scan=0 

CoreScan=X 


0 


0 


^Jozzle Test Output 

• The result of a nozzle test is output on Data[ 1 ] . 



3.5.1 Printing 



Figure 1 0 shows show timing for normal printing. During this action, we drop out of 
Normal Print Mode, to Dot Load Mode between line transfers. For printing to perfonn 
correctly, no other signal should be stable. 

3.5.2 Initialising for Printing 

To initialise for printing the fu-e shift registers and select shift registers need to setup 
into a state as shown in Figure 7. To do this the chips are put into Fire Load Mode and 
the values for nien, count and b are serially shifted from Data[0] clocked hy FrClk. 
As the two chip have separate Data line, and common FiClk, this happens at the same 
time. Once this is done, mode is changed to Fire Initialise Mode, and fiuther L^^ FrClk 
cycles are provided to both chips. During all these operation Pr should be low, to pre- 
vent unintentional firing for nozzles. 
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FIGURE 11. Initialising Print Heads 
LsyncL 



ReadL 

DataA(0] ( bA, lneii[13-0J, count[M3lA > - 
DataB[OJ ( bB,liicnU3>0],count[0-13)B ) - 



SrClk 



Pr 



Fire Load Mode 



innfL 



Fire Initialise Mode 



3.S3 Nozzle Testing 

Nozzle testing is done by firing a single at a time a monitoring tlie Data[l] pin in the 
Nozzle Test Output mode. 

Each nozzle has a test switch with closes when it nozzle is fired. All 12 switches in a 
nozzle column are connect in parallel to the following circuit. 

FIGURE 12. Nozzle Test Latciiing Circuit 



Testout 




This circuit is initialised when ever LSyncL is high and ReadL is low (Reset Nozzle 
T est mode). This forces all "switch nodes*' to low, and the feedback through lower NOR 
gate will latches this value. With LSyncL low and ReadL still low (Nozzle Test Output 
mode) the Testout of the first nozzle column is output on Data f J J. If any switch is 
closed, the switch node of this column will be pulled up, and will ripple through to the 
output as transition fi-om high to low. 
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FIGURE 13. Nozzle Testing 
LsyncL 



ReadL 
Datd[1] 

SrClkj 
FrClkl 



Pr 



Set up Test 



Reset Nozzle Test Mode 



Nozzle Test Output 
Mode 



Setup 
Test 



Nozzle testing requires a setup phase in order to fire only one nozzle. There are many 
ways to achieve this. Simplest might be to load a single colour with 101010 through the 
even nozzles, and 010101.,. for the odd nozzles (O's for all other colours), and set up a 
fire pattern with n = l^/J2, With this fire pattern only one nozzle will fire in each Pr 
pulse. After firing in Nozzle Test Output mode, a single FrClk will advance to next 
nozzle, then Reset and Test. After cycles of this testing, a single S'rC/* will 
advance the dot shift registers to setup the imtested nozzles of this colour, and another 
La/2 cycles of FrClk, Reset and Test will finished testing this colour. Then repeat test 
procedure for other colours. 



3.5.4 Temperature Output 

This mode is not well defined yet. In this mode, DatafOJ will output a series of ones 
and zeros clocked by FrClk. After a (currently unknown) number of FrClk cycles the 
sum of this series will represent the temperature of the chip. Clocking fi-equency in this 
mode it expected to be in the range lOkHz - IMHz. 
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FIGURE 14. Tem|>erature Reading 
LsyncL | 



ReadL [ 
Data[0] 

SrClk 

FrClk 



Pr 



The Frequency of FrClk and the number of cycles need to be programmable. Since this 
mode cycles FrClk, the result of fire shift register and select shift register would be 
changed, but in this mode FrClk is disabled to these circuit. So printing can resume 
without reinitialising. 



3*5.5 CMOS Testing 

CMOS testing is a mode meant for chip testing with before MEMS as added to the 
chip. This mode allows the dot shift register to be sliifted out on the Data fO-lJ pins. 
Much like the nozzle test mode, the nozzles are fired while LSyncL is low, but during 
the firing SrClk will be cycle, and the dot shift register will load the signal that 
would fire the nozzle. Once capture, the result can be shifted out 

FIGURE 15. CMOS Testing 

LsyncL ' 



ReadL 



Data] 

SrClk| 
FrCikR 

Pr 



Set up Test 



il 



Dot Load Mode 



CMOS Test Output Mode 



The Dot Load Mode above violates normal printing procedure by firing the nozzles 
(Pr) and modify the dot shift register {SrClk). 
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4,0 Reticle Layout 



To make long chips we need to stitch the CMOS (and MEMS) together by overlapping 
the reticle stepping field. The reticle will contain two areas: 

FIGURE 16. ReUcle Layout 



^ 20 mm max. ^ ^ 




The top edge of Area 2, pad end contains the pads that stitch on bottom edge of Area I, 
CORE. Area J contains the core array of nozzle logic. The top edge of Area J will stitch 
to the bottom edge of itself. Finally the bottom edge of Area 2, butt end will stitch to 
the top edge of Area 1. The butt end to iised to complete a feedback wiring and seal 
the chip. 

The above region will then be exposed across a wafer bottom to top. Area 2, Area /, 
Area 7 ... Area 2. Only the PAD end of Area 2 needs to fit on the wafer. The final expo- 
sure fo Area 2 only reqiiires the butt end on the wafer. 
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FIGURE 17. Stepper Pattern on Wafer 




4.1 TSMC U-Frame requirements. 

TCMCv«llbcb»il<U,«usftameslOnm,x073nm.whichwmbeplaoedeHhersi<teof 
both Area 1 and Area 2. 

TSMC requires 6 forb..atagbeJ^^»^t«.xp^-^^ 
to 3 mm on the reticle, as some recticles are 2x size, wmie mo:.i « 
must be used. 
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1.6 


29 November. 2002 


Simon Walmsley 


Updated ChipA to be ChipR to match proto- 
cols document got rid of 68k reference now 
that we are using LEON. 


1.5 


26 November, 2002 


Simon waimsiey 


Added description of storing more than a sin- 
gle SoPECJd Key In a PRINTER^QA (in sec- 
tion 3.5.3 and related). This reduces the cost 
of a muKi-SoPEC system with no loss of secu- 

my. 

Also added text to describe that batch keys 
can be different for each SoPEC If the indirect 
upgrade Key protocol is used. 


1.4 


9 September, 2002 


Simon Walmstey 


Added section in requirements detaifing types 
of attacks we care about and don't care about. 


1.3 


30 August. 2002 


Simon Walmsley 


Changed ComCo_OEM_xxxx variables Into 
simply xxxx variables, since that Is more 
generia Added text regarding ink refill. Added 
extra software authentication stage to prevent 
ComCos from fkJdIIng with SoPEC software. 


1.2 


29 August 2002 


Simon Walmsley 


Added section on how the PRIN i tR_QA chip 
gets programmed with the SoPEC Jd^key. 


1.1 


28 August ^02 


Simon Walmsley 


Updated to have Ink and operating parameters 
be aulhenlicated via symmetric key based sig- 
natures based on a unk)ue SoPEC.Id. 
Updated after review. 


1.0 
0.2 draft 

0.1 draft 


27 August 2002 

26 August 2002 

26 August 2002 


Simon Walmstey 
Simon Walmstey 

Simon Walmsley 


Changed publte-key and private Key refer- 
ences to asymmetric & symmetric respec- 
tively, so private can now sub-*efer to the 
private k^ of the asymmetric pair, or the sin- 
gle private symmetric key. Changed OEM Jd 
into ComCo_OEM Jicensejd to more accu- 
rately reflect the scope of the W. 
InWal issue. 
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1.3 Scope 

This document describes the basic security requir«nents of P^fT' ^^^^J" 
SoPEC ASIC [1]. It then describes an implementation solution to the security require 

ments. 
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i 4 Readership 

This document is written for softwaie engineers and ^^^^^^ f^^f ^^^^^ 
ISh SOPEC. as well as PCB designer Jat^^^^^ 
Bn&aes. A similar audience woitang on PEC and PEt--Daseo mm wigu j 
document useful. 

• 1 ■ ^^A^A »« reaH bv those responsible for key management and 

This document is also mtended to be read oy mosc 

associated database designers with reganjs to gmding requirements. 

Tins document is confidential to Silverbrook ^^^'l^^^'^^'^'"' 
side this organisation ma be covered by a non^sclosure agreement (NDA). 

15 OA Chip TtRMiNOLooY 

The Authentication Protocols document [51 refers to QA Chips by their function m paifc- 
ular protocols: *u r\A 

. For authenticated reads. ChipR is the QA Chip being "ad ^om^ ChrpT is the QA 

Chip that identifies whether the data read from ChipR can be ^ 
• For replacement of keys. ChipP is the QA CMp being ^S^^^^^^S 
Za ChipF is the factory QA Chip tfiat generates the message to program «>ei«w k^ 
. For up^s of data in memory vectors. ChipU is the QA Chip bemg upgraded, and 

Chips is ttie QA Chip that signs the upgrade value. 
Any given physical QA Chip will contain fimctionality that allows it to operate as an 
entity in some number of these protocols. 

this document, they arc referring to iogicai enniies invuivc« 
as defined in [S]. 

PpSW-QA. and wiU be on a separate bus to the INK.QA chips. 
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2 Requirements 

2.1 Security 

The basic fimctional security requirements are: 

. SilverbrookcodeandOEMprogramcodeco-existingsafely 

. SUveitorook operating parameteis authentication 
. OEM operating parameters authentication 

• Ink usage authentication 

Each of these is outlined in subsequent sections. 

The authentication requirements imply that: .. _^ 

with the exception of operating system pcnmtted GPIO pms an 

code. The execution model ^^^''^ed fo^oPEC « ^ ^ ^.^^ 

forms an operatmg system (0/S). provwnng senncc oiogram code must run m 

pipeline, interfaces to ^^^^f'^^^'^ff'^JTJ^Z^ code. The OEM 

activated. 

A basic requirement then. for SoPEC. is 

vexbxook and OEM P~^,«f^«^:''st^^^^^^ serSrely on SoPEC 

;^:Ss(;:rj?cSXsi^^^^^ 

be restricted to Silveibrook program code only. 
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program code. 

th« OEM must be capable of assembly-line testing the Print Engine at the 
2.1.3 OEM operating parameters authentication ^ 

^een^-usersbo^anot^beabie.^^^^^ 

appropriate fee to the OEM. ^'"^'^"^^l^ ^^^"^soPEC. This implies that end-users 
SekticaUon mechanism >aa a«y p~^^^ 

«ftt he able to tainper With or replace v-FCivi piwfe* 

X^tlS.? SiS SS> blocks or service-related penphends. 

2.1.4 ink usage authentication . . «,ccordintt to a business model. For example. 

Each OEM sells printers -^XerS^OE^V^y sell the same featured 

OEM, may provide ink at $A for a SB P™*^^^'^'™!^^^^ $B-$Y. OEMj has 
prints atahigher price $A+$X, P™t«s can only use 

o^rsrtL^rss?:^-^-^ 

of OEM2 printers can only use OEMj ink. 

^«„x* o^^riFM that end-users cannot subvert the authentica- 

of prints «p=«.tog P«=°«« '"S'»~°i!^ora U^l^a by 00. tM c». 
lo«tedftomlh.i»>«««."i<^,^f=52!^J^^^ 



of the license agreement. 



I. a franking machine prims stamps 



November 29. 2002 

Confidential 



4-4-1-3 v1. 6 

SoPEC Security Oveiview 

SUverbrook Research __1 

s';;sr»sssr^psr».i™»*'^- ^^^^ 

of a legitemale upgrade. 



i.3 IMPLBHENTA-nON CONSTRAINTS . ^ „ ,,^^^^>n,^- 

ution constraints. These are: 

• No flash memory inside SoPEC 

. SoPEC must be simple to verify 

. Silvetbrook program code must be updatcable 

. OEM program code must be updateable 

. Must be bootable from activity on USB or ISl 

. Noextrapinsforassigningrostos^eSoPECs^^^^^ ^^^^ 

. Carmottrustthecommschannd toAeQA^P 

. Cannot trust the comms channel to the QAUupmxnc 

. Cannot trust the ISIcommsAannel 
These constraints are detaUed below. 

few bits. 

2.3^ SoPEC must be slnnple to verify ^ ^ode within SoPEC must be verified 

All combinatorial logic and «-^<'^»t>lS tolfth^ oTthL 
before manufiicture. Every increase m complexity m eiiner 

effort and increases risk. 
• finished in time for SoPEC manufacture 
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Therefore the complete SUverbrook program code must not P;f""'««''*^^^L^ 
SoPEC. It must be possible to update the SUverbrook program code as enhancements to 
functionality are made and bug fixes are applied. 

In the worst case, only new printers would receive the new functionality or ^^'^^ 
Se^ Jcase. eri^ng SoPEC users can download new embedded code to enable fanction- 
SftTor Si fixes, itally. these same users would be obtaining ti^esc updates ftom the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2 3 4 OEM program code must be updateable 

Given .hat each OEM wiU be writing specific program code for Printe« tl^ ^Z^C^ 
b^conceived. it is impossible for all OEM program code to be embedded m SoPEC at 
the ASIC manufacture stage. 

Since flash memory is not available (see Section 2.3.1). OEMs store 
^in on-chip flLh. While it is theoretically possible to «ore Pro^fode m 
^ on SoPEC. this would entail OEM-specific ASICs which would be prohibitively 
expensive, nierefore OEM program code cannot permoneB/fy reside on SoPEC 

Since OEM program code must be dowrfoadable for SoPEC to execute, it ^o"ld 

fore be possLVupdate the OEM program code as enhancemems to functtonahty are 

made and bug fixes are applied. 

In the worst case, only new printers would receive the new fun^onality or Jug foc^. In 
btsTcase existing SoPEC users can download new embedded code to emible toction- 
btj • "eally. these same users would be ?btai.img th^«^^^ 
OQvI website or equivalent, and not require any mteraction with Silverbrook. 

2.3.5 Must be bootable from activity on USB or ISI 

SoPEC can be placed in sleep mode to save power when printing is «o« " 
nof S^S;^ iSiS mode TTier^fore any program code and data in RAM will be lost. 
S^w^^pS?S^bc capable ofbeingwokenupfhm, the host When .t« 

again. 

In the case of a single SoPEC system, the host communicates with SoPEC via USB. 

In the case of a multi-SoPEC system, the host typically communicates with the ISI MastCT 
S^?!eTthe ismaster coifld be SoPEC. and the oomms is USB), and can send messages 
t^?li« slave SoPECs viathe ISI master. The ISI master SoPEC relays these messages to 
the slaves via the ISI. 

Therefore SoPEC must be capable of being woken up by activity on either the USB or on 
the ISI. 

2.3.6 No extra pins to assign IDs to slave SoPECs 

In a single SoPEC system the host only sends data to the single SoPEC. Ho^^^"; ™^ 
muttiSEC system, each of the slaves needs to be uniquely identifiable m order to be 
able for the host to send data to the correct slave. 

Since there is no flash on board SoPEC (Section 2.3.1) ^'Tj'll'^^^* 
(eg 4 bits) in each SoPEC. Moreover, any ROM in each SoPEC will be identical. 
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2.3.7 



tions, and fiuther pins would add to the cost. 
Cannot .rus. .K. comn,. ch».nrt «. th. OA Chip in th. prtn«r (PR.NTER.O*) 

si P^S^QA dip »»*««. a» c»m»»»ti»s <*»»»i. 
C««^ uus, comn» ch»,n.1 to *. OA Chip In «.. InK c-«dg« (.NK^aA, 

bry of that ink cartndge s INK_QA ^"L^ ^ . ^^j^ secure. It is possible for an 

«^ C-,... «.« .!» -Si con-m. ch«.n.l _ ^ 

man-in-the-middle attacks). 



2.3.8 
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3 Proposed Solution 

A proposed solution to the requirements of Section 2. can be sununarised as: 

• Each SoPEC has a unique id 

• CPU with user/supervisor mode 

• Memory Management Unit 

• SoPEC ISI identification 



-li Each SoPEC HAiS A UNIQUE ID . I ^. 

SoPEC Jd is used to form a symmetnc Key umquc ^« 

3 2 CPU VWm USER/SUPERVISOR MODE 

SOPEC co.»i». . CPU di»« bJ*^^W^^ 

V8 instruction set). 

Silverbrook (operating system) program cbde wUl run in supervisor mode, and dl OEM 
program code wiU run in user mode. 

3 3 MEMORY Management Unit 

SOPEC contains a Memory Management Urn. (JJ^ 

DRAM by defining read, wnte ^'•/^r^.^XSTS^ m^ fission settings, 
mode. Program code rumixng ^^^^J\^.^^^,r^^r^ settings, 
and program code running in supervisor mode is suojeci lo sup 



1 . On IBM's CUU process this chipld is 80 bits. 
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mitted. 



« ^« Whoever soPBc ^ ^■'i^:::^::'^'^^:^^ 



DRAM. 



• J nRAM address space (for example the PEP 
Access permission to all of the valid ""^^^^^^J^te^, anduser mode 
blocks) is supervisor read/ wrtte ^^^/^^^^S^d Timer registers can alsobe 

L emhedded DRAM sh^Ud start at 0x^0^^^^^^^^ 

•;:^ror;;s^att^-S« 

dereferencing to be tr^ed. 

*v no AM and PEP subsystems of SoPEC. typically we would set us« 
With respect to the DRAM and PEP f^f^TT . ^ ^he region of memory that is used 
read/write/execute mode permBSions to ^1^^^ ^ J 0/0/0 elsewhere. By 
for OEM program data, 1/0/1 for "gions of O^^ S^t^e^^ute permissions for this 
contrast we would typically set ^"P^f^^^^^ "Se in sup^visor mode), 
memory to be l/l/O (to avoid accidentaUy executing user c 



access. 



IFIC ENTRY POINTS IN O/S 
implementation for this depends on the CPU. 

and supervisor mode m a ^n^olj*;^ ' ^j.^ supervisor code space in supervisor 
sor register sets, and c^Jls ^^^^^f^^^^^^X^ ^ «>en returns to the caller m 
mode. The TRAP handler dispatches the service requo . 

user mode, 
updates occur. 

A. to call user mode code. There are a number 
The LEON also allows supervisor mode code to «ill user m 
of ways that this fimctionality can be miplemented. 
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3.5 BOOT Procedure 

3.5-1 Basic premise 



premise - Dcr'c 

The intention is to load the Silverbrook and OEM ^^-f^_^t^^ mStt^pa' 

ating parameters. 

we perfonn authentication of program code and data using asymmetric cryptography and 
wif/totir using a QA Chip. ^nPAM 
Assuming we have already downloaded some da^ and a 160-bit signature mto eDRAM. 
the boot loader needs to perform the followmg tasks: 
. «*rfArmSHA-l on the downloaded data to calculate a digest teca/Digeir 

passed to the downloaded data 

Asymmetric decryption is used i^ead of ^-^jT^f^Xf^ -^U^ ™ 
key must be held in SoPEC's ROM. If symmetric private keys are useo, 
probed and flie security is compromised. 

The procedure requires the foUowing data item: 
• bootOkey = an #i-btt asymmetric pubUc key 
The procedure also requires the foUowing two functions: 

. SHA-1= a function that performs SHA-1 on a range of memory and returns a 160-b,t 
. J«^t - a fimction that performs asymmetric decryption of a message using the 

M^I^t^L of these are available (e.g. in the boot ROM), boot loader 0 can be 
defined as in tiie foUowing ps«idocode: 



baot.loa<IerO(aat:B, •!») 

" ;rcr^::u'o:r:rrtrs:ir. .^.o..r, -ux neve. .<> re.u^ 



program code is unauthorised 

BndXf 



fix>m some hacker in Norway). 
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fp^A a2048-bitkeyisrequircdtomatchthel60.bitsymmetric-keysccuri^ 

In the case of RSA. t^^^'^'l S^SATkey length of 132 bits is likely to suffice, 
of the QA Chip. In the case of ECDbA. a Key leng 

bootOkey secure. 



value in SoPEC's ROM. since 
ify and characterize 



3.5.2 



Hierarchies of authentication silvetbrook O/S code needs to be 

Given that test pTOgnm>s. evaluation P^^^'.^'^J^^^tr tested, it is not secure to 
written and tested, and OEM program code silverbrook O/S. non-O/S. 

have a single authentication <>f » """'li^^tf^, QEM^gning SUverbrook program 

code. 

contains Ibe key «« »«'«°**^ 

P„™„p,.»s^*«».^^^7^ ^ SOPEC 

• SoPECCo. Silverbrook s SoPEC haraware ' > 
ASICsandSoPECO/Spr^sc^-0^2^^ 

• ComCo. a company tt^^bl j^t^e^^^^^^ 

etc. customizing the Pnnt Engme lor a g.^ nroduct to sell to the 
. omacompanythatus^aPnnt^c to ^^^^ 

end-users. The OEM would supply the motor control logi , 
The levels ofauthenricationhierarchy are as foUows: ^^.^^j^^^^es 

asymmetric pnvatc key. ^^t„^^t / nlus £fara5ef2. where datasetl 

is an operating parameter ^l*^''^' *f ""^^h die ComCo's asymmetric pnvate 
the print engine license ^^W^^SS contain valid print speed ranges. 

s^^Sn^s^xrro^^;^^^^ 
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eg 

3^ 



erne as many of these operating parameter blocks for any number of Print Engine 
tteL^s b7cannotwriteorsignanysupervisorO/Sprogramcode. 

. Se^O;M\o.a generate ....5,— 

poses or for updates to drivers etc) 
The relationship is shown below in Figure 1. 



dataseti 
(supplied to 
ComCo) 



dataset2 



datasetS 
(supplied to 
OEM) 




datasetS 

(suppBedto 

end-user) 



Figure 1. Relationship between the datasets 

. ^^r/,c^/5 SoPEC itself validates datasetJ via the bootOkey mech^ 
When ^e end-^r ^^s ^^^^^^^^ '^^LV^SSe ri is executing, it vaUdates dataset2 and 



SoPEC boot rom 
Cmdudes IxxJtOkay public key) 1 



vafidatlon v(a bocxOkey 



dataseti: operating system 
(includes ComCo public key) 



validattoo via ComCo key 



data8et2: opdratlng parms | 
OncTudes OEIWI puWlc key) J 



validation via OEM key 



dataseU: OEM pfogram code 



Figure 2. Validation hierarchy 
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• A it o«mnmmises all subsequent authorizations down the hierarchy. 
If a key is compronused. rt "^^^^^^7"?%^^ if the OEM's asynunetric pri- 

the example from ^^J^^^^s'^^^^ since it is above 

vate key is compromised, then O/h program cooc ^ ComCo's asymmetric 

mask ROM change in SoPEC to fix. 

prtva/e itey ;«M>e<i to bootOkey secure. 
3.5.3 Authenticating operating parameters ,„„^ters 
and OEM operating parameters Both sets allows the printer to 

menl of host OAS drivers etc. 

rv. PPTKTTFR OA. memory vector Mo contains the upgradable operating paraineters. and 
Z^^Su^ZZ. any c^t«.t (non-upgradable) operating param^- 

Considering only SUverbrook operating parameters for the moment, there are actuaUy two 
'^"'"^Isetting and storing the Silverbrook operating parameters, whichshouldbc 

authorized only by Silverbrook ^.^.4;„„ 

. ^ the parameters into SoPEC. E^S?^? " 

on L PRIhrrER_QA chip since we don't trust PRINTER.QA. 

The PRINTER.QA chip therefore contains the following symmetric keys: 
ing as the ChipS. 

operating parameters) from ^J^^^^i^^^^P. acting as ChipR, and the embed- 
cated read P«>to«^iJ«'^"»f '° ^pT^e^'enticat^ read protocol [5] 

ded suocrvisor software on SoPEC acting as ^^nip i. i " „„^u^ This creates tixe 
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Swcb^ofsLy K.. This « ''T'liSJ^rQA SSu^m^. be d<»e 
pait of ^4o. 

L,«u,w.y,K,».v„.»U..bcta»w.by»yo»«o.p.*.SoPECmdPRIKTER.QA. 
extra keys (multiple 5oP£C_W_A*)«) to a smgje PRINTEIL.QA. 

print will terminate. 



3.5.3- 1 OEM assembly-line test 



BSSemDiy'unc . 
stored in the PRINTER^QA as described in Section 3.5.3. 

woiild be performed. 

Atfi«tth<^Utaugbtbecon.ideredth.adca^^^^ 

PRINTER_QA containing "Pg«*«» P'^f;'! "'^^ p^^Q^ must contain 
K machine (e.g. over a net). Neither approaches are good. 



, noherthan development testing. An OEM can maximally upgrade a 
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If there is no special master PRINTER^QA for testing, then we must make use of special 
. Lst^o^^ o"Ln.g^ on the PRINTER.QA. or both. THe solution will depend on the 
test requironcnts of flie OEM. 

A simDle test orognim that aUows any pages to be printed at fuU upgrade capability is def- 
f„iL7l.o^eS^t gets out to the JubUc it « effectively a free upgrade. S.lverbrook 
would not want the OEM to have such a program. 

Likewise if a test program only printed pages that had been signed with some key. Aen 
to* ^y d^.s S STthe Zng of real pages (since the -^^^^l.Tf^^J 
Sore printing) but a senricc must be made available to sign special test images. This may 
Swe^^ it means that Silverbrook must be involved for every tmie a test .mageis 
SLdSed If Silverbrook gives the OEM a program that generates sutures to avoid this 
SS^ce. ^en it is the same as giving away the ability to print at full capability. 

If the OEM requires tests that are not actually printing dots, then a test harness software 

atr^^Xand behaves like a real Print Engine (induing ^ ^^^^Jf^itdS ' 
full upgrade capabUity. except that it does not produce physical dots (i.e^ ^*:,T «^c. « 
SfeSneSdataSmasted before being sent out to the prinlhead).p^ 

result, and is the simplest, most effective solution. If the special driver 
gets out into the public, the user can only print blank pages. 

If the OEM requires tests that actually prints dots, there are several possibilities: 

.. A version of the O/S (signed for the OEM) that will only P/*°t«P^^»' Silver- 
brook test patterns. TTiis may be quite adequate, but it has the d^advantage that 

OEM test patterns cannot be printed 
b A version of the O/S that prints garbage in special places over the tert image. 
Again the has the disadvantage that special OEM test patterns cannot be 
printed. 

c A version of the O/S that reads and decrements a DecrerrientOnly value m 
PRINTER_QA If the value before successful decrementing is non-zero, tnen 
the O/S will run at full upgrade capability until either * P^^^^^J"^^ °" 
pre-determined number of pages (e.g. agreed ^ by Jhe OEM Sdve breok) 
have been printed. The number to be stored in the PRINTER_QA at imtial 
PRINTER_Q A customization may only need to be I or 2. 

Of these solurions. o^ion (c) is probably ^^^^ -^^^J^t^^Xst^tS ^^^^ 
If the test Droeram gets out, then if the value in PRINTER_QA is u aner lesimg, 
Jitnotn^S^/if the v;iue is 
printed at fiill upgrade capability, and power must stay on while doing so. 

3 5.4 Use of a PrintEnglneLicense Id 

<!iiv«ferook O/S oroKram code contains the OEM's asymmetric public key to ensure tta 
SiivertjrooK u/& program iaiw^ v ofm However given that 

the subsequent OEM program code is authennc - i.e. from ^^^^ <^EM. Howe e^g 
SoPEC o^y contains a single root key. it is theoretically P°"*^]^ f^^^^'^^; qemT^ 
application to be run identically physical Print Engmes i.e. pnnter dnver for OEM, run 
on an identically physical Print Engine from OEM2- 

T„ ««rd aeainst this, the Silvertsrook O/S program code contains a 
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same time as the other various PRINTER.QA customizations are being applied, before 
being shipped to the OEM site. 

In this way. the OEMs can be sure of differentiating themselves through software func 
tionality. 

3 5.5 AuthenUcation of Ink 

The Silveibrook 0/S must perform ink authentication [51 during Prints Ink usage authen- 
ic^tion makes use of counters in SoPEC that keep an accurate record of the exact number 
of dots printed for each ink. 

The ink amount rcmainiag in a given cartridge is stored in that "itridge^l^Q^ cWp^ 
Sher data stor«i on the INK_QA chip includes ink color. v«cos,^. ^^J"^ f^^P^^^^ 
profile information, as well as licensing parameters such '^^^^^-^^J^^;, 
McUsageLicense.Id, etc. This information is typically constant, and is therefore likely to 
be stored in Mi+ witWn INK_QA. 

Just as the Print Engine operating parameters are validated by means of PWNTER QA, a 
S?en Print^^gine Ucens^mayo'nly be permitted ^.^'^^.^^ ^Tr^'^'^^ 
L. Therefore the software on SoPEC could contam a valid set of tyP«S; 
SeHjS SusageLicenseJds etc. for subsequent matching against the data in the 

INK_QA. 

SoPEC must be able to authenticate reads from the INK_QA. both in terms of ink parame- 
teis as well as ink remaining. 

To authenticate ink a number of steps must be taken: 

• restrict access to dot counts r^iTCo nA 

• authenticate ink usage and ink parameters via INK^QA and PRINTER^QA 

. broadcast ink dot usage to all SoPECs in a multi-SoPEC system 

3.5.5.1 restrict access to dot counts 

Since the dot counts are accessed via the PHI in the PEP section of S^J^f ^^^^-^"^^^^^^ 
registers (and more generally alt PEP registers) must be only ''''^^^^f^J^^'Z 
mS!^d:ot by OEM code (ninning in user mode). Otherwise ,t might be possible for 
OEM program code to clear dot counts before authentication has occurred. 

3 5 5 2 authenticate Ink usage and ink parameters via INK.QA and PRINTER.QA 

The basic problem of authentication of ink remaining and other iric ^a boils to^e 
problem we don't trust INK_QA. "merefore how c^ J,^°J^^,fXr^ Se to tSe 
of ink (or the ink parameters), and how can a SoPEC know that after a wnie 
INK^QA, the count has been correctly decremented. 

Taking the fust issue, which is detemiining the initial ink count or Ae J^f^^^J 
need I system whereby a given SoPEC can perfomi an authenticated read of the data 
INKJQA. 

We cannot write the SoPECJdJcey to the INKJQA for two reasons: 
. . updating keys is not power-safe (i.e. if power is removed mid-update. the INK_QA 
could be rendered useless) 
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. the in. canridgc would then not work in -other j^ter^^^^^^ ^^^J^ S oXt 
not know the old SoPECJdJcey (knowledge of the old key is requireu 
change the old key to a new one). 

The proposed solution is to let INieQA have two keys: 

omnissions to the ink remaining regions of Mo on INK^VA. . 

. r^UslLense toy. This is key is constant for all ink cartridges for a g,ven ^ 
• K, = UseimcLtcense_ixy. u» » 7 ^ ComCo (this is not the same key 

usage agreement between an OEM and a k, has no write 

as PriniEngineLicenseJcey which is stored as Ko m PRINTEK_ViA;. M 

permissions to anything. . . , » <-„ 

is used to authenticate the actual upgrades ^^J^^^^^]^^ '^^^^ 
refill the amount of ink). Upgrades are performed 

(e.g. in K2), also with no write permissions. 

This means there are two shared keys, with PRINTEI^QA sharing both, and thereby act- 
ing as abridge between INK_QA and SoPEC. 

. I/,«WU^ce«e_teyissharedbetweenn^_QAandPRINTER^QA 
. 5oP£C_W_fey is shared between SoPEC and PRINTER_QA 

ment a Test function [5] m software on the SoPEC), Jma 11 me 
from INieQA must be valid, and can therefore be trusted. 

once the data from INK_QA is kriown to be tn^^ ^e amount o^ 
checked, and the other ink licensmg parameters such as ui=j«_ 
InkUsageUcenseJd can be checked for validity. 

The actual steps of read authentication as performed by SoPEC are: 

~ • f., w>i4r-h icev to use when signing 

KEYl ^ 1 // sintple constants to specxfy which Key to us 

KEY2 4-2 

HpKXNTER ^ ^^'^^^-^"" ""^Tl-diKEYl R«r««=R)// ^ead with key! : UseinKLicense^Key 

SlGpRiNTBR PRINTER_QA.test(KEY2. Ri«:. "inx' ^.x^ihk 

SIGsoPEC ^ HMAC^SHA_1 (RpRiHTER I RfiOPSC I "iM^^ 

If ((SIGpKl«TI=R 0) AND (SIGprxk™ SIGsoPBc) ) 

// MxKK «i*ta read from INK_QA) is valid or ink ren^ining 

// could be ink parameters, such as inkUsageLicens « 

If (MiHK-inkRemaining = expectedlnkRemaining) 



// all is ok 
Else 
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// the ink value is not wHat we wrote, so don't print anythirig anymore 
Endlf 

Else ^ ^ . 

// the data read from INK.QA is not valid and cannot be trusted 

Endlf 

Strictly speaking, we don't need a nonce (Rsopec) all the time because Ma (containing 
the ink remaining) should be decrementing between authentications. However we do need 
one to retrieve the initial amount of ink and the other ink parameters (at power up). This is 
why taking a random number from the fVatchDogrtmer at the receipt of tiic first page is 
acceptable. 

In summary, the SoPEC performs the non-authenticated write [5] of ink remaining to the 
INK^QA chip, and then performs an authenticated read of the data via the PRINTER^QA 
as per the pseudocode above. If the value is authenticated, god the INK^QA ink-remain- 
ing value matches the expected value, the count was coaectly decremented and the pnnt- 
ing can continue. 

3.5.5.3 broadcast ink dot usage to ail SoPECs in a multi-SoPEC system 

In a multi-SoPEC system, each SoPEC attached to a printhead (4 at most) must broadcast 
its ink usage to all the SoPECs. In this way, each SoPEC will have its own version of the 
expected ink usage. 

In the case of a man-in-the-middle attack, at worst the count in a given SoPEC is only its 
ov^Ti count (i.e. all broadcasts are turned into 0 ink usage by the man-in-the-middle). 

A single SoPEC performs the update of ink remaining to the INK_.QA chip, and then all 
SoPECs perform an authenticated read of the data via the ^propriate PRINTER_Q A (the 
PRINTER_QA that contains their matching SoPEC Jdjcey - remember that multiple 
SoPEC Jdjceys can be stored in a single PRINTEIL.QA). If the value is authenticated, 
and the INK.QA value matches the expected value, the count was correctly decremented 
and the printing can continue. 

If any of the broadcasts are not received, or have been tampered with, the updated ink 
counts will not match. The only case this does not cater for is if each SoPEC is tricked (via 
an ISI man-in-the-middle attack), into a total that is the same, yet not the true total. Apart 
from the fact that this is not viable for general pages, at worst this is the maximum amount 
of ink printed by a single SoPEC. We don't caie about protecting against this case. 

Since there will be at most 4 printing SoPEC, it requires at most 4 authenticated reads. 
This should be completed within 0.5 seconds - well within the 2 seconds/page pnnt time. 

3.5.6 Example hierarchy 

The exact breakdown of hierarchy will depend on a later investigation, but for the pur- 
poses of scoping out possibilities, it is worthwhile considering an example hierarchy for 
illustrative purposes. 
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Adding an extra bootloader step to the example from Section 3.5.2, we can break up the 
contents of program space into logical sections, as shown in Table 1 . Note that the ComCo 
does not provide any program code, merely operating parameters that is used by the O/S. 



Table 1. Sections of Program Space 









u 

(ROM) 


ooot loader 0 
SHA-1 function 
asymmetric deciypt function 
t)ootOkey 


sectH>n 1 via I>oot0key 


t 


hoot loader 1 
SoPEC.OS.puWic.key 


section 2 via SoPEC_OS_pobUc_key 


2 


SilvertH-ook O/S program code 
function to generate 
SoPEC^id.key from SoPEC.id 
Basic Pfint Engine 
ComCo_publlc_key 


sectton 3 via ComCo_public_key 

section 4 via OEM^publlc^key (suppQed In sec- 
tion 3) 

PRINTER_QA data, wtilch Includes the 
PrintEnglneUcense^W. Sitveihrook operating 
parameters, and OEM operating parameters (all 
authentk:ated via SoPEC_id_key) 


3 


ComCo license agreement operat- 
ing parameter ranges, indudlng 
PrintEngineUcense.ld (gets 
loaded into supervisor mode sec- 
tk>n of memory) 

OEM^public^key (gets loaded into 
superSdsor mode section of mem- 
ory) 

Any ComCo written user-mode 
program code (gets loaded into 
mode mode section of memory) 


(s used by section 2 to verify section 4 and 
range of parameters as found in PRIISTTER^QA 


4 


OEM specific program code 


OEM operating parameters via calls to Silver- 
brook O/S code 



The verification procedures will be required each time the CPU is woken up, since the 
RAM is not preserved. 



3.5.7 What If the CPU fs not fast enough? 

In the example of Section 3.5.6, every time the CPl} is woken up to print a document it 
needs to perform: 

• SHA-1 on all program code and program data 

• 4 sets of asymmetric decryption to load the program code and data 

• 1 HMAC-SHAl generation per 512-bits of Silverbrook and OEM printer and ink oper- 
ating parameters 

Although the SHA-1 and HMAC process will be fast enough on the embedded CPU (the 
program code will be executing from ROM), it may be that the asymmetric decryption 
will be slow. And this becomes more likely with each extra level of authentication. If this 
is the case (as is likely), hardware acceleration is required. 

A cheap form of hardware acceleration takes advantage of the fact that in most cases the 
same program is loaded each time, with the first time likely to be at power-up. The hard- 
ware acceleration is simply data storage for the authorizedDigest which means that the 
boot procedure now is: 
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•lo«vC90^bootlo«d«rO(dAta, slff) 

localDigest SHA-l(data) 

If (localDigest = previouslyStoredAuthorizedDigeat) 

jutnp Co program code at data-start address// will never to return 
Else 

authorizedDigest 4- decrypt (sig, bootOkey) 

If (localDigest « authorizedDigest) 

previouslyStoredAuthorizedDigest <- authorizedDigest 

jump to program code at data-start address// will never to return 

Else 

// program code is unauthorized 
Endlf 



This procedure means ihat a reboot of the same authorized program code will only require 
SHA-1 processing. At power-up, or if new program code is loaded (e.g. an upgrade of a 
driver over the internet), then the full authorization via asymmetric decryption takes place. 
This is because the stored digest will not match at power-up and whenever a new program 
is loaded 

The question is how much preserved space is required. 

Each digest requires 160 bits (20 bytes), and this is constant regardless of the asymmetric 
encryption scheme or the key length. While it is possible to reduce this number of bits, 
thereby sacrificing security, the cost is small enough to warrant keeping the full digest. 

However each level of boot loader requires its own digest to be preserved. This gives a 
maximum of 20 bytes per loader. Digests for operating parameters and ink levels may also 
be preserved in the same way, although these authentications should be fest enough not to 
require cached storage. 

Assuming SoPEC provides for 12 digests (to be generous), this is a total of 240 bytes. 
These 240 bytes could easily be stored as 60 x 32-bit registers, or probably more conven- 
iently as a small amount of RAM (eg 0.25 - 1 Kbyte). Providing something like 1 Kbyte of 
RAM has the advantage of allowing the CPU to store other useful data, although this is not 
a requirement. 

In general, it is useful for the boot ROM to know whether it is being started up due to 
power-on reset or activity on the USB/IS I. In the former case, it can ignore the previously 
stored values (either 0 for registers or garbage for RAM). In the latter case, it can use the 
previously stored values. Even without this, a startup value of 0 (or garbage) means the 
digest won't match and therefore the authentication will occur implictly. 

3.6 SoPEC ISI IDENTIFICATION 

At power-up, the host can send targeted data to the USB -connected SoPEC. but can only 
send broadcasts to all of the slave SoPECs via the USB-connected SoPEC's ISI. 

Each slave SoPEC will verify the broadcast message received over the ISI, and if it is 
valid, will execute it. Several levels of authorization may occur. However, at some stage, 
this common program code (broadcast to all of the slave SoPECs and signed by the appro- 
priate asymmetric private key) will, among other things, set the slave SoPECs ISI id. If 
there is only 1 slave, the id is given, but if there is more than 1 slave, the id must be deter- 
mined in some fashion. 
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On a particular physical arrangement of SoPECs each slave SoPEC will have a different 
set of connections on GPIOs. For example, one SoPEC maybe in charge of motor control, 
while another may be driving the LEDs etc. The unused GPIO pins (not necessarily the 
same on each SoPEC) can be set as inputs and then tied to 0 or 1, As long as the connec- 
tion settmgs are mutually exclusive, program code can determine which is which, and the 
id appropriately set. \ 

In some multi-SoPEC systems, a given SoPEC will only be attached to a single printhead 
fleft or nght). We can conveniently use the second printhead connection pins (temperature 
and test) to form an ISI id, "pcraiure 

This scheme of slave SoPEC identification does not introduce a security breach. If an 
attacker rewires the pinouts to confuse identification, at best it will simply cause strange 
pnntouts (e.g. swapping of printout data) to occur, while at worst the Print Engine will 
simply not atnction. . ' 

Note that some physical setting (e.g. pins) on each of the multiple SoPECs is ixsquired - the 
settings just need to be mutually exclusive. Although it is possible for all the SoPECs to 
come to a logical ISI id assignment (e.g. by using ethemet-like protocols), the ISI id needs 
to be very much a physical identity scheme. This is because these SoPECs are not simply 
logical processors - we want the correct portion of the page to be printed on the correct 
physical location, motor controls will be physically connected to a specific physical 
SoPEC etc. 

3.7 Setting up QA Chip keys 

In use, each INK.QA chip needs the following keys: 

• = SupplylnkLicenseJcey 

• Kj = UselnkLicenseJcey 

Each PRINTER_QA chip tied to a specific SoPEC requires the following keys: 

• Ko ^ PrintEngineLicenseJcey 

• Kj = SoPECjdJkey 

• K2 = UselnkLicenseJcey 

Note that there may be more than one Ki depending on the number of PRINTER QA 
chips and SoPECs in a system. These keys need to be appropriately set up in the QA Chips 
before they will function correctly together. 

3.7-1 Original QA Chips as received by a ComCo 

When original QA Chips are shipped fi-om QACo to a specific ComCo their keys arc as 
follows: 

• ¥iQ^QACo_ComCo_KeyO 

• ^{^QACojComCo^Keyl 

• QACojComCoJCey2 

• y-^^QACojComCoJCeyS 

All 4 keys are only known to QACo. Note that these keys are different for each QA Chip. 
3-7-2 Steps at the ComCo 

T^e ComCo is responsible for making Print Engines out of Memjet printheads, QA Chips 
PECs or SoPECs, PCBs etc. » p , 
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In addition, the ComCo must customize the INK_QA chips and PRINTER_QA chip 
on-board the print engine before shipping to the OEM. 

There are two stages: 

• replacing the keys in QA Chips with specific keys for the application (i.e INK OA 
and PRINTER^QA) 

• setting operating parameters as per the license with the OEM 

3.7,Z1 Replacing keys 

The ComCo is issued QID hardware [4] by QACo that allows programming of the various 
keys (except for K,) in a given QA Chip to the final values, following the standard 
ChipF/ChipP replace key (indirect version) protocol [5]. The indirect version of the proto- 
col allows each QACoJJomCoJCey to be different for each SoPEC. 

In the case of programming of PRINTEK.QA's K, to be SoPEC Jdjcey, there is the addi- 
tional step of transferring an asymmetrically encrypted SoPEC Jd Jcey (by the public-key) 
along with the nonce (Rp) used in the replace key protocol to die device that is functioning 
as a ChipR The ChipF must decrypt the SoPEC Jdjcey so it can generate the standard 
rqslace key message for PRINTER^QA (functioning as a Chip? in the ChipF/ChipP pro- 
tocol). The asymmetric key pair held in the ChipF equivalent-should be unique to a 
ComCo (but still known only by QACo) to prevent damage in the case of a compromise. 

Note that the various keys installed in the QA Chips (both INK^QA and PRINTER QA) 
are only known to the QACo. .The OEM only uses QIDs and QACo siqjplied ChipFsT The 
replace key protocol [5] allows the programming to occur without compromising the old 
or new key. 

3. 7- 2- 2 Setting operating parameters 

There are two sets of operating parameters stored in PRINTER^QA and INK.QA: 

• fixed 

" upgradable 

The fixed operating parameters can be written to by means of a non-authenticated writes 
[5] to Mj+ via a QID [4], and permission bits set such that they are ReadOnly. 

The upgradable operating parameters can only be written to after the QA Chips have been 
progranmied with the correct keys as per Section 3.7.2.1. Once they contain the correct 
keys they can be programmed with appropriate operating parameters by means of a QID 
and an appropriate ChipS (containing matching keys). 
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3 Introduction 

This document describes the SoPEC ASIC (Small office home office Print Engine Controller) suitable for 
use in price sensitive SoHo printer products. The SoPEC ASIC is intended to be a low cost solution for bi- 
lithic printhead control, replacing the multichip solutions in larger more professional systems with a single 
chip. The increased cost competitiveness is achieved by integrating several systems such as a modified 
PEC 1 [ 1 ] printing pipeline, CPU control system, peripherals and memory sub-system onto one SoC ASIC, 
reducing component count and simplifying board design. 

This section will give a general introduction to Memjet printing systems, introduce the components that 
make a bi-lithic printhead system, describe possible system architectures and show how several SoPECs 
can be used to achieve A3 and A4 di^lex printing. The section "SoPEC ASIC" describes the SoC SoPEC 
ASIC, with subsections describing the CPU, DRAM and Print Engine Pipeline subsystems. Each section 
gives a detailed descrq>tion of the blocks used and their operation within the overall print system. The final 
section describes the bi-!ithic printhead construction and associated implications to the system due to its 
makeup. 

Some sections of this document were derived from the Print Engine Controller Hardware Design Specifi- 
cation[l ] written by Silverbrook Research. 
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4 Nomenclature 



4.1 Bl-LITHIC PRINTHEAO NOTATION 



4.2 



A bi-lithic based printhead is constructed from 2 printhead ICs of vaiying sizes. The notation M N is used 
to express the size relationship of each IC. where M specifies one printhead IC in inches and N specifies 
the remaining printhead IC in inches. ^ 

Section 35 Memjet Printhead contains a description of the bi-iithic printhead and related terminology. 



Definitions 

The following terms 
Bi-lithic printhead 
CPU 

I Si-Bridge chip 



ISIMaster 

ISISlave 

LEON 

LineSyncMaster 

Multi^SoPEC 

Netpage 

PECl 

Printhead IC 
PrintMaster 

QA Chip 
Storage SoPEC 
Tag 



are used throughout this specification: 
Refers to printhead constructed firom 2 printhead ICs 
Refers to CPU core, caching system and MMU. 

A device with a high speed interface (such as USB2.0, Ethernet or IEEE1394) and 
one or more ISI interfaces. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 

The ISIMaster is the only device allowed to initiate communication on the Inter 
Sopec Interface (ISI) bus. The ISIMaster interfaces directly with the host. 
Multi-SoPEC systems wiU contain one or more ISISlave SoPECs connected to the 
ISI bus. ISISlaves can only respond to communication initiated by the ISIMaster. 
Refers to the LEON CPU core. 

The LineSyncMaster device generates the line synchronisation pulse that all 
SoPECs in the sysitm must synchronise their line outputs to. 

Refers to SoPEC based print system with multiple SoPEC devices 

Refers to page printed with tags (normally in infrared ink). 

Refers to Print Engine Controller version 1, precursor to SoPEC used to control 
printheads constructed from multiple angled printhead segments. 
Single MEMS IC used to construct bi-lithic printhead 

The PrintMaster device is responsible for coordinating all aspects of the print 
operation. There may only be one PrintMaster in a system. 
Quality Assurance Chip 

An ISISlave SoPEC used as a DRAM store and which does not print. 

Refers to pattern which encodes information about its position and orientation which 
allow it to be optically located and its data contents read. 



4.3 



Acronym and Abbreviations 

The following acronyms and abbreviations are used in this specification 
CPU Contone FIFO Unit 

CPU Central Processing Unit 

DIU DRAM Interface Unit 
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Dead Nozzle Compensator 


UKAJvl 


Dynamic Random Access Memozy 




DotLine Writer Unit 




General Puipose Input Output 


HCU 


Halftoner Compositor Unit 


ICXJ 


Interrupt Controller Unit 


tor 


Inter SoPEC Interface 




Lossless Bi-Ievel Decoder 


T T ¥ r 


Line Loader Unit 


LSS 


Low Speed Serial interface 


MEMS 


Micro Electro Mechanical System 


MMU 


Memory Management Unit 


PCU 


SoPEC Controller Unit 


PHI 


PrintHead Interface 


PSS 


Power Save Storage Unit 


RDU 


Real-time Debug Unit 


ROM 


Read Only Memory 


SCB 


Serial Communication Block 


SFU 


Spot FIFO Unit 


SMG4 


Silvcrbrook Modified Group 4. 


SoPEC 


Small office home office Print Engine Controller 


SRAM 


Static Random Access Memory 


TE 


Tag Encoder 


TFU 


Tag FIFO Unit 


TIM 


Timers Unit 


USB 


Universal Serial Bus 



4.4 Pseudocode notation 

In general the pseudocode examples use C like statements with some exceptions. 
Symbol and naming convections used for pseudocode. 
Comment 
Assignment 

Operator equal, not equal, less than, greater than 
Operator addition, subtraction, multiply, divide, modulus 

Bitwise AND, bitwise OR, bitwise exclusive OR. left shia, right shif^, complement 
Logical AND, Logical OR, Logical inversion 
Array/vector specifier 



If 

<sc,l,^<<»,•- 

AND,OR,NOT 
[XX: YY] 
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{a, b. c) 



Concatenation operation 
Increment and decrement 



4.4.1 Register and signal naming conventions 

In general register naming uses the C style conventions with capitalization to denote word delimiters Sig- 
nals use RTL style notation where underscore denote word delimiters. There is a direct translation between 
both conventioa For example the CmdSourceFifo register is equivalent to cmd_sourceji/o signal, 

4.5 State machine notation 

state machines should be described using the pseudocode notation outlined above. State machine descrip- 
tions use the convenUon of midsdiafi to indicate the cause of a transition from one state to another and 
plain text (no underline) to indicate the effect of the transition i.e. signal transitions which occur when the 
new state is entered 

A sample state machine is shown in Figure 1. 

reset i^Olonrt n^t\ 
cdu_diu_freq » 0 
ignore.data s 0 



i 



cdu_<flu_froq = I 



cdu^diuLrreq « 1 
Ignoca^data s o 



( 


Reset 


) 




r 


( 


Idle 


> 



dona band ft 
cdu_dlu_rreq «= 0 
{gnore.data = 0 



Figure 1. Example State machine notation 
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5 Printing Considerations 

A bi-lithic printhead produces 1600 dpi bi-level dots. On low-diffiision paper, each ejected drop forms a 
22.5MJn diameter dot. Dots are easily produced in isolation, allowing dispersed-dot dithering to be 
exploited to its fullest. Since the bi-Uthic printhead is the width of the page and operates with a constant 
paper velocity, color planes are printed in perfect registration, allowing ideal dot-on-dot printing. Dot-on- 
dot printing minimizes 'muddying' of midtones caused by inter-color bleed. 

A page layout may contain a mixture of images, graphics and text. Continuous-tone (contone) images and 
graphics are reproduced using a stochasHc dispersed-dot dither. Unlike a clustered-dot (or ampbtude-mod- 
ulated) dither, a dispersed-dot (or frequency-modulated) dither reproduces high spatial frequencies (i,e. 
image detail) ahnost to the limits of the dot resolution, while simultaneously reproducing lower spatial fre^ 
quencies to their full color depth, when spatially integrated by the eye. A stochastic dither matrix is care- 
fuUy designed to be free of objectionable low-frequency patterns when tiled across ihc image. As such its 
size typically exceeds the minimum size required to support a particular number of intensity levels (c g 
1 6x1 6x 8 bits for 257 intensity levels). 

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per degiee of visual field and 
then falls off logarithmically, decreasing by a factor of 100 beyond about 40 cycles per degree and becom- 
ing immeasurable beyond 60 cycles per degree [21][22]. At a normal viewing distance of 12 inches (about 
300mm). this translates roughly to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples 
per inch according to Nyquist's theorem. 

In practice, contone resolution above about 300 ppi is of limited utility outside special applications such as 
medical imaging. Offset printing of magazines, for example, uses contone resolutions in the range 150 to 
300 ppi. Higher resolutions contribute slightly to color error through the dither 

Black text and graphics are reproduced directly using bi-Icvel black dots, and arc therefore not anti-aliased 
(i.e. low-pass filtered) before being printed. Text should therefore be supersampled beyond the perceptual 
limits discussed above, to produce smoother edges when spatially integrated by the eye. Text resolution up 
to about 1200 dpi continues to contribute to perceived text sharpness (assimiing low-diflusion paper, of 
course). 

A Netpage printer, for example, may use a contone resolution of 267 ppi (i.e. 1600 dpi / 6), and a black 
text and graphics resolution of 800 dpi. A high end office or departmental printer may use a contone reso- 
lution of 320 ppi (1600 dpi / 5) and a black text and graphics resolution of 1600 dpi. Both formats are 
capable of exceeding the quality of coimnercial (offset) printing and photographic reproduction. 
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6 Document Data Flow 



6.1 Considerations 



Because of the page-width nature of the bi-litfaic printhead. each page must be printed at a constant speed 
to avoid creating visible artifacts. This means that the printing speed can't be varied to match the input 
data rate. Document rasterization and document printing are therefore decoupled to ensure the printhead 
has a constant supply of data. A page is never printed until it is fully lasterizei This can be achieved by 
stonng a compressed version of each zasterized page image in memory. 

This decoupling also allows the RIP(s) to run ahead of the printer when rastcrizing simple pages buying 
tune to rasterize more complex pages. ° * ^ ^ 

Because contone color images are reproduced by stochastic dithering, but black text aiid line graphics are 
reproduced directly using dots, the compressed page image fonnat contains a separate foreground bi-level 
black layer and background contone color layen The black layer is composited over the contone layer after 
the contone layer is dithered (although the contone layer has an optional black component). A final layer 
of Netpage tags (in infrared or black ink) is optionally added to the page for printout. 

Figure 2 shows the flow of a document from computer system to printed page. 



page layouts 1 
and objects 




Figure 2. Document data flow 
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At 267 ppi for example, a A4 page (8.26 inches x 11.7 inches) of contone CMYK data has a size of 
26.3MB. At 320 ppi, an A4 page of contone data has a size of 37.8MB, Using lossy contone compression 
algorithms such as JPEG [23], contone images compress with a ratio up to 10:1 without noticeable loss of 
quality, giving compressed page sizes of 2,63MB at 267 ppi and 3.78 MB at 320 ppi. 

At 800 dpi, a A4 page of bi-level data has a size of 7.4MB. At 1 600 dpi, a Letter page of bi-level data has 
a size of 29.5 MB. Coherent data such as text compresses veiy well. Using lossless bi-level compression 
algonthms such as SMG4 fax as discussed in Section 8.1.2.3.1, ten-point plain text compresses with a 
ratio of about 50:1. Lossless bi-level compression across an average page is about 20:1 with 10:1 possible 
for pages which compress poorly. The requirement for SoPEC is to be able to print text at 10: 1 compres- 
sion. Assuming 10:1 compression gives compressed page sizes of 0.74 MB at 800 dpi. and 2.95 MB at 
1600 dpi. 

Once dithered, a page of CMYK contone image data consists of 1 16MB of bi-level data. Using lossless bi- 
level compression algorithms on this data is pointless precisely because the optimal dither is stochastic - 
i.e. since it introduces hard-to-compress disoider. 

Netpage tag data is optionally suppHed with the page image. Rather than storing a compressed bi-level 
data layer for the Netpage tags, the tag data is stored in its raw form. Each tag is supplied up to 120 bits of 
raw vanable data (combined with up to 56 bits of raw fixed data) and covers to a 6mm x 6mm area (at 
1600 dpi). The absolute maximum number of tags on a A4 page is 15,540 when the tag is only 2mm x 
2mm (each tag is 126 dots x 126 dots, for a total coverage of 148 tags x 105 tags), 15,540 tags of 128 bits 
per tag gives a compressed tag page size of 0.24 MB. 

The multi-layer compressed page image fonnat therefore exploits the relative strengths of lossy JPEG con- 
tone image compression, lossless bi-level text compression, and tag encoding. The format is compact 
enough to be storage-efficient, and simple enough to allow straightforward real-time expansion durine 
printing. * 

Since text and images normally don't overlap, the normal worst-case page image size is image only, while 
the normal best^e page image size is text only. The addition of worst case Netpage tags adds 0.24MB to 
the page image size. The worst-case page image size is text over image plus tags. The average page size 
assumes a quarter of an average page contains images. Table 1 shows data sizes for compressed Letter 
page for these different options. 



Table 1 . Data sizes for A4 page (8.26 inches x 11.7 Inches) 







Imaga only (contone), 10:1 compression 


2.63 MB 


3.76 MB 


Text only {bWevel). 10:1 compression 


0.74 MB 


2.95 MB 


Netpage tags, 1600 dpi 


0.24 MB 


0.24 MB 


Worst case (text + Image + tags) 


3.61 MB 


6.67 MB 


Average (text + 25% image tags) 


1.64 MB 


4.25 MB 



6.2 Document Data Flow 



The Host PC rasterizes and compresses the incoming document on a page by page basis. The page is 
restrucnired into bands with one or more bands used to construct a page. The compressed data is then 
transfenred to the SoPEC device via the USB link. A complete band is stored in SoPEC embedded mem- 
ory. Once the band transfer is complete the SoPEC device reads the compressed data, expands the band, 
normalizes contone, bi-level and tag data to 1600 dpi and transfers the resultant calculated dots to the bi- 
lithic printhcad. 

The document data flow is 
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• Z?" ^1!°^'''' "^""^^ P»«<' <kscdp6on a«l compress the rasterized page knage. 

■ Si'dZr'"* ^ '^'^^^ '^^'^ '^«' USB nonnally on a band by 

. The print engine takes the compressed page image and starts the page expansion 

• The first stage page expansion consists of 3 operations performed in parallel 

• expansion of the JPEG-compressed contone layer 

• expansion of the SMG4 fax compressed bi-level layer 

• encoding and rendtnng of the bi-Ievel tag data. 

• The second stage then composites the bi-level tag data layer, the bi-level SMG4 fi,, A^^r.^ 
layer and up to four bi-level ,PEO de^ompresseSiyer. iJ^kTm.!::^,Z ^fl^'^'^ 

• A fixative layer is also generated as required 

. ^^l^tstageformatsandprintsaiebi-leveldatathroughthebi-lithicpdntheadviatheprm^ 

6.3 Page considerations due to SoPEC 

SOPEC device are sh^TrSel. ^ ^ "^"^ complexity. Tai^et document types for the 



Table 2, Page content targets for SoPEC 




Best Case picture Image, g67ppi with 3 cotore. A4 size 



Full page text, 600dpi A4 size 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 




SoPEC : Hardware Design 




Table 2, Page content targets for SoPEC 




Mixed Graphics and Text 

- fmage of 6 Inches x 4 inches Q 267 ppi and 3 colors 

- Remajging area text *-73 inches^. 800 dpi 



6x4x267x267x3 Q 5:1 l .55 

800x800x73 9 10:1 



Best Case Photo, 3 Colofs, 6.6 Megapixel Image 



6.6 Mpixel O 10:1 



2.00 



If a document with more complex pages is required, the page RIP software in the host PC can detennine 
that there is insufficient memoty storage in the SoPEC for that document In such cases the RIP software 
can take two courses of action. It can increase the compression ratio until the compressed page size will fit 
m the SoPEC device, at the expense of document quality, or divide the page into bands and allow SoPEC 
to begin printing a page band before all bands for that page are downloaded. Once SoPEC starts printing a 
page it cannot stop, if SoPEC consumes compressed data faster than the bands can be downloaded a buffer 
underrun error could occur causing the print to fail. A buffer undemm occurs if line synchronisation pulse 
IS received before a line of data has been transferred to the printhead. 

Other options which can be considered if the page does not fit completely into the compressed page store 
are to slow the printing or to use multiple SoPECs to print parts of the page. A Storage SoPEC (Section 
7.2.5) could be added to the system to provide guaranteed bandwidth data delivery. The print system could 
also be constructed using an ISI-Bridge chip (Section 7.2.6) to provide guaranteed data delivery. 
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7 Memjet Printer Architecture 

The SoPEC device can be used in several printer configurations and architectures. 

In the general sense every SoPEC based printer architecture will contain: 

• One ormore SoPEC devices, 

• One or more bi-lithic printheads. 

• Two or more LSS busses. 

• TivoormoreQA chips. 

• USB 1 . 1 connection to host or ISI connection to Bridge Chip. 

• ISI bus connection between SoPECs (when multiple SoPECs are used). 

Sonic example printer configurations as outlined in Section 7.2. The various system components are out- 
Imcd bnefly in Section 7.L ^ « 

7.1 System Components 

7.1.1 SoPEC Print Engine Controller 

The SoPEC device contains ^veral system on a chip (SoC) components, as well as the print engine pipe- 
Ime control apphcation specific logic. 

7.1.1.1 Print Engine Pipeiine (PEP) Logic 

The PEP reads compressed page store data from the embedded memory, optionally decompresses the data 
and formats it for sending to the printhead. The print engine pipehne functionality includes expanding the 
page unage. dithenng the contone layer, compositing the black layer over the contone layer, rendering of 
Ne^age tags compensation for dead nozzles in the printhead, and sending the r^ultant image to the bi- 
Utnic pnntheacL 

7.1.1.2 Embedded CPU 

SoPEC contains m embedded CPU for general purpose system configuration and management. The CPU 
pcrfomis page and band header processing, motor control and sensor monitoring (via the GPIO) a^d other 
system control functions. The CPU can perform buffer management or report buffer status to the host. The 
CPU can ophonaJly run vendor application specific code for general print control such as paper ready 
monitoring and LED status update. 

7. 1. 1. 3 Embedded Memory Buffer 

iJ,:^^^^ embedded memory buffer is integrated onto the SoPEC device, of which approximately 
2Mbytes are available for compressed page store data. A compressed page is divided into one or more 
bands, with a number of bands stored in memory. As a band of the page is consumed by the PEP for print- 
mg a new band can be downloaded. The new band may be for the current page or the next page. 
Using banding it is possible to begin printing a page before the complete compressed page is downloaded 
but care must be taken to ensure that data is always available for printing or a buffer undeirun may occur. ' 

^e!S^^^^!^^^At^^ '-^-^^ °' ^ ISI-Bridgc chip with attached DRAM 

i:>ection 7.2.6) could be used to provide guaranteed data deliveiy. 
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7. i. 1.4 Embedded USB 1. 1 Device 

The embedded USB 1.1 device accepts compressed page data and control commands from the host PC 
and facilitates the data transfer to either embedded memory or to another SoPEC device in muW-SoPEC 
systems. 

7.1.2 Bl-lithic Prlnthead 

The printhead is constructed by abutting 2 printhead ICs together. TTie printhead ICs can vary in size from 
2 mches to 8 mches. so to produce an A4 printhead several combinations are possible. For example two 
prmthead ICs of 7 inches and 3 inches could be used to create a A4 printhead (the notation is 7:3) Simi- 
larly 6 aiid 4 combination (6:4). or 5:5 combination. For an A3 printhead it can be consfmcted from 8:6 or 
an 7:7 prmthead IC combination. For photographic printing smaUcr printfaeads can be constnicted. 

7.1.3 LSS interfeee bus 

Each SoPEC device has 2 LSS system buses for communication with QA devices for system authentica- 
non and mk usage accounting. The number of QA devices per bus and their position in the system is unrc- 
stncted with the exception that PRINTER_QA and INK_QA devices should be on separate LSS busses. 

7.1.4 QA devices 

^^rS7iT "ZS'r^ "^t?"^ SoPEC wiU have an associated 

PRINTER_QA \a^ ^Ag^s will contain an INK_QA chip. PRINTER_QA and IffK QA devices should 

7.1.5 ISI interface 

l^^}^^'^°f^?J''^^'^^S^^^^ provides a communication channel between SoPECs in a multi-SoPEC 
R^hT. ISIMaster can be SoPEC device or an ISI-Bridge chip depending on the printer configuration. 
Both compressed data and control commands are transferred via the interface. 

7.1.6 ISi«Bridge Chip 

• tt7r?'^1tV^u^ ' connection, which provides print data to a number of slave 

mpe. typicaUy have a high bandwidth connection, such as USB2.0. Ethernet or 

ibtEl394 to a host and may have an attached external DRAM for compressed page storage. A bridge 
chip would have one or more ISI interfaces. The use of multiple ISI buses would allow the construction of 
independent print systems within the one printer. The ISI-Bridge would be the ISIMaster for each of the 
ibi buses It mterfaces to. 

7.2 Possible SoPEC Systems 

Several possible SoPEC based system architecttires exist. The following sections outline some possible 
architectures. It is possible to have extra SoPEC devices in the system used for DRAM storage. The QA 
chip configurations shown are indicative of the flexibility of LSS bus arcUtecnire, but not limited to those 
coniigurations. 
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7J2.1 A4 Simplex with 1 SoPEC device 



USB from Host ^ 




hlghspAMf 
low speed 



prfnthead assembly 

- — — — — — — J 

Figure 3. Single SoPEC A4 Simplex system 

In Figure 3, a single SoPEC device can be used to control two printhead ICs, The SoPEC receives com- 
pressed data through the USB device from the host. The compressed data is processed and transferred to 
the printhead. 



7.2.2 A4 Duplex with 2 SoPEC devices 



USB from Host 




highspeed 
low speed 



Figure 4. Dual SoPEC A4 Duplex system 



In Figure 4, two SoPEC devices are used to control two bi-lithic printheads, each with two printhead ICs. 
Each bi-iithic printhead prints to opposite sides of the same page to achieve duplex printing. The SoPEC 
connected to the USB is the ISIMaster SoPEC, the remaining SoPEC is an ISISlave. The ISIMaster 
receives all the compressed page data for both SoPECs and re-distributes the compressed data over the 
Inter-SoPEC Interface asi) bus. 
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It may not be possible to print an A4 page eveiy 2 seconds in this configuration since the USB i;i connec- 
hon to the host may not have enough bandwidth. An altenuUive would be for each SoPBC to have its own 
USB 1.1 connection. This would allow a faster average print speed. c iis own 



7,2.3 A3 Simplex wHh 2 SoPEC devices 



USB from Hoat 




^ high epMd 
•4-^ l«wapo«d 



' "euro 5. Dual SoPEC A3 sImpJex system 

L^oSLJ^r rrh?f «e ««d to control one A3 bi-lithic printhcad. Each SoPEC controls only 

M<X S«^r I ^^u- TT'loo ^ '^'"'^^y •'*'^> "SB 1 . 1 connection defines the ISI- 

to!2 ^""^^^ configuration the comp„.ssed page store data is split across 2 SoPECs 

C '^'l ""^^'^ '^'"''^ *° "^^ <=°'»P'ession rates as in an A4 architec- 

S^JkS^d JSil^n.^'^' '"^^ '^^'^ compressed page data for all 

SoPECs and re-distnbutes the compressed data over the Intcr-SoPEC Interface (ISI) bus. 

ti^7c r J' r'"?'*' r f"^' ^^^t^^ ^ '^""'"^ configuration since the USB 1.1 connec- 
mtrJ tht ?MR^ "'''^f' '° ^"PP'y ^Mbytes every 2 seconds. Pages which re^Jre 

more than 2MBytes eveo- 2 seconds will therefore print slower. An alternative would be for each SoPTC 
to have Its own USB 1 . 1 connecrion. TTiis would allow a faster average print speed. 
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fa Figure 6 a 4 SoPEC system is shown. It contains 2 A3 bi-lithic printheads. one for each side of an A3 
page. Each pnnthead contain 2 printhead ICs. each printhead IC is controUed by an independent SoPEC 

tlS'Thr?*, '^^""''y ^^^"^ 1.1 connection definrthe ISIMaster 

T^Lt % on^P as ISISlaves. In total, the system contains SMbytes of compressed page store 

A4 Simplex prmter. The ISIMaster receives aU the compressed page data for all SoPECs and re-distributes 
the compressed data over the Inter-SoPEC Inteifece (ISI) bus. oismuuics 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1.1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes cveiy 2 seconds wUI therefore print slower. An alternative would be for each SoPEC 
or set of SoPECS on the same side of the page to have their own USB 1 . 1 connection. This would allow a 
faster average pnnt speed. 
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7.2.5 



SoPEC ORAM storage solution: A4 Simplex with 1 printing SoPEC and 1 memory SoPEC 



USB from Host 



Printer 
OA chip 





ISl 



I replaceabto 
I bik cartrklQO 



Ink cartridge 
OA chip 



izzzi 



dgel 

£1 



JJ A4 BMIthjC 
pdnthead 



high speed 
low speed 



SoPEC I SoPEC used 
Device #1 I as ORAM storage 



I prlnthead assembly 

— — — — — — — — — — — — — — — — — 

Figure 7. SoPEC A4 Simplex system with extra SoPEC used as ORAM storage 



Extra SoPECs can be used for DRAM storage e.g. in Figure 7 an A4 simplex printer can be built with a 
single extra SoPEC used for DRAM storage. The DRAM SoPEC can provide guaranteed bandwidth deliv- 
ery of data to the printing SoPEC. SoPEC configurations can have multiple extra SoPECs used for DRAM 
storage. 
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7.2,6 ISI-Bridge chip solution: A3 Duplex system with 4 SoPEC devices 



Connection 
to Host 



ORAM I 

JL 



ISIportO 
ISIportI 

Bridge Chip 



printhaad assembly 



I replac«abls 
I Ink canddge 



highspeed 
<> low speed 




Plgure 8, A3 duplex system featuring four printing SoPECs 



In Figure 8 an ISI-Bndge chip provides slave-only ISI connections to SoPEC devices. Figure 8 shows a 
fSI-Bndge chip with 2 separate ISI ports. The ISI-Bridge chip is the ISIMaster on each of the ISI busses it 
IS ODnnected to. AH connected SoPECs are ISISlaves. The ISI-Bridge chip will typically have a high band- 
width connection to a host and may have an attached external DRAM for compressed page storage. 
An alternative to having a ISI-Bridge chip would be for each SoPEC or each set of SoPECs on the same 
side of a page to have their own USB 1.1 connection. This would allow a faster average print speed. 
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8 Page Format and Printflow 



When rendenng a page, the RIP produces a page header and a number of bands (a non-blank page requires 
at least one band) for a page. The page header contains high level rendering parameters, and each band 
contains compressed page data. The size of the band will depend on the memory available to flie RIP, the 
speed of the RIP, and the amount of mcmoiy remaining in SoPEC while printing the previous band(s). Fig- 
ure 9 shows the high level data structure of a number of pages with different numbers of bands in the page. 



blank page 



aingra band page 



2 band page 



mufti band page 



page header 



page header 



bandO 



bandl 



pageheadte 



bandl 



bandn 



Figure 9. Pages containing different numbers of bands 



Each compressed band contains a mandatory band header, an optional bi-Ievel plane, optional sets of inter- 
leaved contone planes, and an optional tag data plane (for NeQjage enabled applications). Since each of 
these planes is optional', the band header specifies which planes are included with the band. Figure 10 
gives a high-level breakdown of the contents of a page band. 



band n 




band header 



bMevel plane 



oontone plane 



tag data plane 



Figure 10. Contents of a page band 

A single SoPEC has maximum rendering restrictions as follows: 

• 1 bi-level plane 

• 1 contone interleaved plane set containing a maximum of 4 contone planes 

• 1 tag data plane 

• a bi-lithic printhcad with a maximum of 2 printhead ICs 
The requirement for single-sided A4 single SoPEC printing is 

• average contone JPEG compression ratio of 10: 1 , with a local minimum compression ratio of 5: 1 for i 
single line of interleaved JPEG blocks. 



1. Ailhough a band must contain at least one plane 
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• average bi-levcl compression ratio of 1 0: 1 , with a local minimum compression ratio of 1 : 1 for a single 
line. 

If the page contains rendering parameters that exceed these specifications, then the RIP or the Host PC 
must split the page into a format that can be handled by a single SoPEC. 

In the general case, the SoPEC CPU must analyze the page and band headers and generate an appropriate 
set of register write commands to configure the units in SoPEC for that page. The various bands are passed 
to Ae destination SoPEC(s) to locations in DRAM determined by the host. 

The host keeps a memory map for the DRAM, and ensures that as a band is passed to a SoPEC, it is stored 
in a suitable free area in DRAM. Eadi SoPEC is connected to the ISI bus or USB bus via its Serial com- 
munication Block (SCB). The SoPEC CPU configures the SCB to allow compressed data bands to pass 
from the USB or ISI through the SCB to SoPEC DRAM. Figure 1 1 shows an example data flow for a page 
destined to be printed by a single SoPEC. Band usage information is generated by the individual SoPECs 
and passed back to the host. 



1 
i 
i 

8 



Host RIP 



pages/band header 



bi-revel plane 



oontone inteiteaved 
plane 



tag data plane 



SCB 

I 1 

I passed through \ 



' passed through. ^ 



1 r 

I passed through I 



I I 

f passed through | 



SoPEC'e ORAM 



page/band header 



bl-level plane 



contone interteaved 
plane 




tag data plane 



ceglster commands ^ 



SoPEC% Registers 



CPU 



Figure 11. Page data path from host to SoPEC 



SoPEC has an addressing mechanism that permits circular band memory allocation, thus facilitating easy 
memory management. However it is not strictly necessary that all bands be stored together. As long as the 
appropriate registers in SoPEC are set up for each band, and a given band is contiguous*, the memory can 
be allocated in any way. 



Contiguous allocaUon also includes wrapping around in SoPECs band store memory. 
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8.1 Print engine example page format 

This section describes a possible format of compressed pages expected by the embedded CPU in SoPEC, 
The foraiat is generated by software in the host PC and interpreted by embedded software in SoPEC. This 
section indicates the t>Tpe of information in a page format structure, but implementations need not be lim- 
ited to this format The host PC can optionally perform the majority of the header processing. 

The compressed format and the print engines are designed to allow real-time page expansion during print- 
ing, to ensure that printing is never interrupted in the middle of a page due to data undemm. 

The page format described here is for a single black bi-level layer, a contone layer, and a Netpage tag 
layer. The black bi-level layer is defined to composite over the contone layer. 

The black bi-level layer consists of a bitmap containing a 1-bit opacity for each pixel. This black layer 
matte has a resolution which is an integer or non-integer factor of the printer's dot resolution. The highest 
supported resolution is 1600 dpi, i.e. the printer's full dot resolution. 

The contone layer, optionally passed in as YCrCb, consists of a 24-bit CMY or 32-bit CMYK color for 
each pixel. This contone image has a resolution which is an integer or non-integer factor of the printer's 
dot resolution. The requirement for a single SoPEC is to support 1 side per 2 seconds A4/Letter printing at 
a resolution of 267 ppi, i.e. one-sixth the printer's dot resolution. 

Non-integer scaling can be performed on both the contone and bi-level images. Only integer scaling can be 
performed on the tag data. 

The black bi-level layer and the contone layer are both in compressed form for efficient storage in the 
printer's internal memory. 



8.1.1 Page structure 



A single SoPEC is able to print with full edge bleed for Letter and A3 via different stitch part combina- 
tions of the bi-lithic printhead. It imposes no margins and so has a printable page area which corresponds 
to the size of its paper. The target page size is constrained by the printable page area, less the explicit (tar- 
get) left and top margins specified in the page description. These relationships are illustrated below. 



target top margin 



target bottom maroon 



- target page 

- printable page ai 
(physical page) 



Figure 12. Pago structure 



Doc: SoPEC_hardware_desjgn S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page 27 



SoPEC : Hardware Design 



8.1.2 Compressed :page format 

Apart from being implicitly defined in relation to the printable page area, each page description is com- 
plete and self-contained. There is no data stored separately from the page description to which the page 
descnption refers. The page description consists of a page header which describes the size and resolution 
of the page, followed by one or more page bands which describe die actual page content 

8. 1.2. 1 Page header 

Table 3 shows an example format of a page header. 
Table 3. Page header format 







signature 


16-bit integer 


Page header format signature. 


version 


16-bft integer 


Page header format version number. 


structure size 


IS-btt inteoer 


MAMA KAa^la* 

oize oi page neaoer. 


band count 


16-bit integer 


Number of bands specified for this page. 


target resolution (dpi) 


16-*3lt Integer 


Resolutton of target page. This is always 1600 for the MemJeP 
printer. 


target page width 


16-bit integer 


Width of target page, in dots. 


target page height 


32-bit integer 


Height of target page. In dots. 


target left nnargih for black and 
contone 


16-bit integer 


Wkfth of target left margin, in dots, for bfack and contone. 


target top margin for black and 
contone 


16-bit integer 


Height of target top margin, in dots, for black and contone. 


target right margin for black and 
contone 


16-brt integer 


Width of target right margin, in dots, for Wack and confone. 


target bottom margin for biack 
and contone 


16-bit integer 


Height of target bottom margin, in dots, for black and contone. 


target left margin for tags 


16-blt integer 


WWth of target left margin, in dots, for tags. 


target top margin for tags 


16-bit integer 


Height of target top margin* in dots, for tags. 


target right margin for tags 


16-bit integer 


Width of target right margin, in dots, for tags. 


target ■t)ottom margin for tags 


16-t)it integer 


Height of target tx>ttom nutrgin, in dots, for tags. 


generate tags 


16-bft integer 


Specifies whether to generate tags for this page (0 - no, 1 - 
yes). 


fixed tag data 


128-blt integer 


This is only valid if generate tags is set 


tag vertical scale factor 


16-bit integer 


Scale factor in vertical direction from tag data resolution to tar- 
gel resolutfon. Valid range = 1-511. Integer scaling only 


tag iiorizontal scale tactor 


16-bit integer 


Scafe factor in horizontal direction from tag data resolution to 
target resolution. Valid range = 1-51 1. Integer scaling only. 


bi-level layer vertical scale factor 


16-bit integer 


Scale factor in vertfoal direction from bi-levef resolution to tar- 
get resolution (must be 1 or greater). May be non-integer. 
Expressed as a fractfon with upper 8-bits the numerator and 
the fowerS bits the denominator 
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Table 3. Page header format 



bi-tevel layer horizontal scale fac- 
tor 



bMevel layer page width 



bMevel layer page height 



contone flags 



contone vertical scale factor 



contone horizontal ecale factor 



contone page width 



contone page height 



reserved 



16-bit integer 



16-bft integer 



32-bit integer 



.16 bit integer 



16-bit integer 



16-bit Integer 



mil 



Scale factor in horizontal direction from bWevel resolution to 
target resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction with upper 6-bits the numerator and 
the lower 8 bits the denominator. 



Width of bi-level layer page, in pixels. 



Height of bMevel layer page, in pixels. 



Defines the color conversion that is required for the JPEG 
data. 

Bits 2-0 specify how many contone planes there are (e.g. 3 for 
CMY and 4 for CMYK). 

Bit 3 specifies whether the first 3 color planes need to be corv 
verted bade from YCrCb to CMY. Only valid If b2-0 = 3 or 4. 

0 - no conversion, leave JPEG colors alone 

1 - color convert 

Bits 7-4 specifies whether the YCrCb was generated cfirectly 
from CMY, or whether It was converted to RGB first via the 
step: R = 255-C. G - 255-M. B = 255-Y. Each of the color 
planes can be individually Inverted. 
Bit 4: 

0 - do not invert color plane 0 

1 • invert color plane 0 
Bits: 

0 - do not invert color plane 1 

1 - invert color plane 1 
Bit 6: 

0 - do not invert color plane 2 

1 • Invert color plane 2 
Bit 7: 

0 - do not invert color plane 3 

1 - invert color plane 3 

Bit 8 specifies whether the contone data is JPEG compressed 
or non-compressed: 

0 - JPEG compressed 

1 - non-compressed 

The remaining bits are reserved (0). 



Scale factor in vertical direction from contone channel resofu- 
tion to target resolution. Valid range = 1 -255, May be non-inte- 
ger. 

Expressed as a fraction with upper 8-bits the numerator and 
the tower 8 bits the denominator. 



16-bit integer 



32-bit Integer 



up to 128 
bytes 



Scale factor in horizontal direction from contone channel reso- 
lution to target resolution. Valid range = 1-255. May be non- 
tnteger. 

Expressed as a fraction with upper 6-bits the nunierator and 
the lower 8 bits the denominator. 



Width of contone page. In contone pixels 



Height of contone page. In contone pixels. 



Reserved and 0 pads out page header to multiple of 128 
tsytes. 



The page header contains a signature and versioa which allow the CPU to identify the page header fonnat 
toe signature and/or version are missing or incompatible with the CPU. then the CPU can reject the 
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The contone flags define how many contone layers are present, which typically is used for defining 
whether the contone layer .s CMY or CMYK. Additionally, if the color planes are CMY thJT^^ 
optionaUy stored as YCrCb. and fwther optionally color space converted from CMY directi; or 4 RGB 
Finally the contone data is specified as being either JPEG compressed or non-compressed. 

^ '^f ^ ' resolution and size of the target page. The bi-level and contone layers are 
chpped to the target page if necessary. TTiis happens whenever the bi-level or contone scale factoi/are not 
factors of the taiget page width or height. 

S«el2? ^""^ positioning of the target page within the printable 

whether or not Netpage tags should be produced for this page and what orien- 
tation the tags should be produced at (landscape or portrait mode). The fixed tag data is also provided 
The contone. bi-level and tag layer parameters define the page size and the scale factors. 

8.1.2.2 Band format 

Table 4 shows the format of fte page band header. 

Table 4. Band header format 









signanire . 


16-blt integer 


Page band iieader format signature. 


verston 


16-bit Integer 


Page band header format version number. 


structure size 


I6^it Integer 


Size of page band header. 


bi-level layer band height 


16-bit integer 


Height of bi-level layer band, in black pixels 


M-level layer band data size 


32-bit integer 


Size of bMevel layer band data, in bytes. 


contone band height 


16-bit integer 


Height of contone band, in contone pixels. 


contone band data size 


32-bit integer 


Size of contone plane band data, in bytes. 


tag barKl height 


16-bit integer 


Height of tag band, In dots. 


tag band data size 


32-«t integer 


Size of unenooded tag data band, in bytes. 
Can be 0 which Indicates that no tag data is 

provided. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out band header to 
multiple of 128 bytes. 



Se ^^SJT'u^T'^.^tf^^ ''^^^ '"'^'^ Of its compressed band data. 

The van^Ie-size black data follows the page band header. "-"uuaui. 

TTie contone layer parameters define the height of the contone band, and the size of its compressed page 
data. The vanable-size contone data follows the black data. V^^a page 

The tag band data is the set of variable ug data half-lincs as required by the tag encoder. The format of die 
tag data .s found m Section 26.5.2. The tag band data follows the contone datf 

Table 5 shows the format of the vaiiable-size compressed band data which follows the page band header. 
Table 5, Page band data format 



blade data 



contone data 



tag data map 



Modified G4 facsimile bitstream^ 



JPEG bytestre am 
Tag data array 



Compressed bi-level layer. 



Compressed contone datalayer. 



Tag data format. See Section 26.5.2. 
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i. See section 8.1 .Z3 on page 31 for note regarding the use of this standard 

The start of each variable-size segment of band data should be aligned to a 256-bit DRAM word boundary. 

The following sections describe the format of the compressed bi-level layers and the compressed contone 
layer, section 26.5.1 on page 365 describes the fonnat of the tag data structures. 



S. f . 2.3 BNevel data compression 



The (typically 1600 dpi) black bi-lcvcl layer is losslessly compressed using Silverbrook Modified Group 4 
(SMG4) compression which is a version of Group 4 Facsimile compression [18] without Huffman and 
with simplified run length encodings. Typically compression ratios exceed 10:1. The encoding are listed in 
Table 6 and Table 7 

Table 6. Bl-Level group 4 fecslmfle style compression encodings 









G 


1000 


Pass Convnand: aO 4- b2, skip next two edges 


1 


Vertical(0): aO <- b1 , color = Icolor 


1 


110 


Vertfca[(1 ) : aO <- b1 4 1 , cotor = ksolor 




010 


Vertical(-I): aO <- b1 - 1 , color = Icolor 


if 
So 


110000 


Vertical(2): aO b1 2. coJor = Icdof 


010000 


Vertical('2}: aO <- b1 - 2, ootor = Icolor 


c 

M O 


100000 


Veftical(3): aO <- b1 + 3. color « Icolor 


SI 

O C 


000000 


Vertical(-3): aO b1 - 3, color = lodor 




<RL><RL>100 


Horizontal: aO <- aO + <RL> + <RL> 


H 







SMG4 has a pass through mode to cope with local negative compression. Pass through mode is activated 
by a special r\m-length code. Pass through mode continues to either end of line or for a pre-progratrmied 
number of bits, whichever is shorter The special run-length code is always executed as a run-length code, 
followed by pass through. The pass through escape code is a mediiun length run-length with a run of less 
thanorequal to31. 

Table 7. Run length (RL) encodings 



o c 
— a> 

II 
It 





RRRRR1 


Short Black Runlength (5 bits) 


RRRRR1 


Short White Runlength (5 bits) 


RRRRRRRRRR10 


Medium Black Runlength (10 bits) 


RRRRRRRR10 


Medium White Runlength (8 bits) 


RRRRRRRRRR10 


Medium Black Runlength wrth RRRRRRRRRR <= 31 , 
Enter pass through 


RRRRRRRR10 


Medium White Runlength with RRRRRRRR 31 . 
Enter pass through 


RRRRRRRRRRRRRRROO 


Long Black Runlength (15 bits) 


RRRRRRRRRRRRRRROO 


Long White Runlength (15 bits) 
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Since the compression is a bitstream. the encodings are read right Ocast significant bit) to left (most signif. 
leant bit). The lun lengths given as RRRR in Table 7 are read in the same way (least significant bit at the 
right to most significant bit at the left). 

Each band of bi-level data is optionally self contamed. The first line of each band therefore is based on a 
'previous' blank line or the last line of the previous band. 

• 8.1.2.3.1 Group 3 and 4 facsimile compression 

The Group 3 Facsimile compression algorithm [18] losslessly compresses bi-level data for transmission < 
over slow and noisy telephone lines. The bi-level data n^resents scanned black text and graphics on a 
white bad^ound, and *e algorithm is tuned for this class of images (it is explicitly not tuned, for exam- 
ple^r halfioned bi-level images). The ID Group 3 algorithm runlength-encodes each scanline and then 
Huflman-encodes the resulting runlengths. Runlcngths in the range 0 to 63 are coded with terminatmg 
codes Runlcngths in the range 64 to 2623 are coded with make-up codes, each representing a multiple of 
64. followed by a tennmating code. Runlengths exceeding 2623 are coded with multiple make-mj codes 
followed by a tenninating code. The Huffhum tables are fixed, but are separately tuned for black and white 
runs (except for make-up codes above 1728. which are common). When possible, the 2D Group 3 algo- 
rithm encodes a scanline as a set of short edge deltas (0. ±1. ±2. ±3) with reference to the previous scan- 
Ime The delta symbols are entropy-encoded (so that the zero delta symbol is only one bit long etc.) Edges 
within a 2D-encoded line which can't be delta-encoded are nmlength-encoded. and are identified by a pre- 
fix^ ID- and 2D-cncoded lines are marked differenUy. ID-encoded Unes are generated at regular intervals 
whether achially required or not, to ensure that the decoder can recover from line noise with minimai 
image degradation. 2D Group 3 achieves compression ratios of up to 6: 1 [28]. 

The Group 4 Facsimile algorithm [18] losslessly compresses bi-level data for transAiission oyer error-Jree 
commumcanons Imes (i.e. the lines are truly eiror-free. or error-correction is done at a lower protocol 
level). The Group 4 algorithm is based on the 2D Group 3 algorithm, with the essential modification that 
smce transmission is assumed to be error-free. ID-encoded lines are no longer generated at regular mtcr- 
Xt.!^^ ^° error-recovery. Group 4 achieves compression ratios ranging fi-om 20:1 to 60:1 for the 
CCnr set of test images [28]. 

The d«ign goals and perfonnance of the Group 4 compression algorithm qualify it as a compression algo- 
nthm for the bi-Ievcl layers. However, its Huffinan tables are hmed to a lower scanning resolution (100- 
400 dpi), and it encodes runlengths exceeding 2623 awkwardly. 

9.1,2.4 Contone data compression 

Tic contone layer (CMYK) is either a non-compressed bytestream or is compressed to an interieaved 
JPEG bytestream. The JPEG bytestream is complete and self-contained. It contains all data required for 
decompression, including quantization and Hufifeian tables. 

The contone data is optionally converted to YCiCb before being compressed (there is no specific advan- 
tage in color-space converting if not compressing). Additionally, the CMY contone pixels are optionally 
converted (on an individual basis) to RGB before color conversion using R=255-C, G=255-M B=255-Y. 
Optional bitwise inversion of the K plane may also be performed. Note that this CMY to RGB conversion 
. '° ^ accurate for display purposek. but rather for the purposes of later converting to 
YCtCb. The inverse transform will be applied before prinring. 

8.1.2.4.1 JPEG compression 

The JPEG compression algorithm [23] lossily compresses a contone image at a specified quality level It 
introduces imperceptible image degradation at compression ratios below 5:1. and negligible image degra- 
dation at compression ratios below 10:1 [29]. 
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JPEG typically first transfonns the image into a color space which separates luminance and chrominance 
into separate color channels. This allows the chrominance channels to be subsampled without appreciable 
loss because of the human visual system's relatively greater sensitivity to luminance than chrominance. 
After this first step, each color channel is compressed separately. 

The image is divided into 8x8 pixel blocks. Each block is then transformed into the frequency domain via 
a discrete cosine transform (DCT). This transformation has the effect of concentrating image energy in rel- 
atively lower-frequency coefficients, which allows higher- frequency coefficients to be more crudely quan- 
tized. This quantiza ti on is the principal source of compression in JPEG. Further compression is achieved 
by ordering coefficients by fi^quency to maximize the likelihood of adjacent zero coefficients, and then 
runlength-encoding nms of zeroes. Finally, the runlengths and non-zero frequency coefficients are entropy 
coded. Decompression is the inverse process of compression. 

8.1.2.4.2 Non-compressed format ^ 

If the contone data is non-compressed; it must be in a block-based format bytestream with the same pixel 
order as would be produced by a JPEG decoder. The bytestream therefore consists of a series of 8x8 block 
of the original image, starting with the top left 8x8 block, and woricing horizontally across the page (as it 
will be printed) until the top rightmost 8x8 block, then the next row of 8x8 blocks (left to right) and so on 
until the lower row of 8x8 blocks (lefl to right). Each 8x8 block consists of 64 8'bit pixels for color plane 
0 (representing 8 rows of 8 pixels in the order top left to bottom right) followed by 64 8-bit pixels for color 
plane 1 and so on for up to a maximum of 4 color planes. 

If the original image is not a multiple of 8 pixels in X or Y, padding must be present (the extra pixel data 
will be ignored by the setting of margins). 

8.1.2.4.3 Compressed format 

If the contone data is compressed the first memory band contains JPEG headers (including tables) plus 
MCUs (minimum coded vmits). The ratio of space between the various color planes in the JPEG stream is 
1:1:1:1. No subsampling is permitted. Banding can be completely arbitrary i.e there can be multiple JPEG 
images per band or 1 JPEG image divided over multiple bands. The break between bands is only memory 
alignment based. 

8.1.2.4.4 Conversion of RGB to YCrCb (In RIP) 

YCrCb is defined as per CCIR 601-1 [20] except that Y, Cr and Cb are normalized to occupy all 256 levels 
of an 8-bit binary encoding and take account of the actual hardware implementation of the inverse trans- 
form within SoPEC. 

The exact color conversion computation is as follows: 

• Y* - (9805/32768)R + (1923 5/3 276 8)G + (3728/32768)8 

• Cr* = (16375/32768)R - (1 37 1 6/32768)G - (2659/32768)B 4- 1 28 

• Cb* =-(5529/32768)R- (10846/32768)G + (16375/32768)B+ 128 

Y, Cr and Cb are obtained by rounding to the nearest integer. There is no need for saturation since ranges 
of Y*, Cr* and Cb* after rounding are [0-255], [1-255] and [1-255] respectively. Note that full accuracy is 
possible with 24 bits. See [14] for more information. 
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9 Overview 



The Small Office Home Office Print Engine Controller (SoPEC) is a page rendering engine ASIC that 
takes compressed page images as input, and produces decompressed page images at up to 6 channels of bi- 
level dot data as output. The bi-level dot data is generated for the Memjet bi-lithic printhead The dot gen- 
eration process takes account of printhead constniction, dead nozzles, and allows for fixative generation. 

A single SoPEC can control 2 bi-lithic printheads and up to 6 color channels at 10,000 lines/sec^ equating 
to 30 pages per minute. A single SoPEC can perform full-bleed printing of A3, A4 and Letter pages. The 6 
diannels of colored ink are the expected maximum in a consumcn: SOHO, or office Bi-lithic printing envi- 
ronment: 

• CM Y, for regular color printing. 

• K, for black text, line graphics and gray-scale printing. 

• IR (infrared), for Netpage-enabled [5] applications. 

• F (fix^ve), to enable printing at hi^ ^eed Becausc the bi-lithic printer is capable of printing so fast, 
a fixative may be required to enable the ink to dry before the page touches the page akeady printed! 
Otherwise the pages may bleed on each other In low speed printing environments the fixative may not 
be required. 

. SoPEC is color space agnostic. Although it can accept contone data as CMYX or RGBX, where X is an 
optional 4th channel, it also can accept contone data in any print color space. Additionally, SoPEC pro- 
vides a mechanism for arbitrary mapping of ir^ut channels to output channels, including combining dots 
for ink optimization, generation of channels based on any number of other channels etc. However, inputs 
are typically CMYK for contone input, K for the bi-level input, and the optional Netpage tag dots are typ- 
ically rendered to an infia-red layer. A fixative channel is typically g^erated for fast printing applications. 

SoPEC is resolution agnostic. It merely provides a mapping between input resolutions and output resolu- 
tions by means of scale factors. The expected output resolution is 1600 dpi, but SoPEC actually has no 
knowledge of the physical resolution of the Bi-lithic printhead. 

SoPEC is page-length agnostic. Successive pages are typically split into bands and downloaded into the 
page store as each band of information is consumed and becomes firee. 

SoPEC provides an interface for synchronization with other SoPECs. This allows simple multi-SoPEC 
solutions for simultaneous A3/A4/Letter duplex printing. However, SoPEC is also cj^>able of printing only 
a portion of a page image. Combining synchronization fimctionality with partial page rendering allows 
multiple SoPECs to be readily combined for alternative printing requirements including simultaneous 
duplex printing and wide format printing. 

Table 8 lists some of the features and corresponding benefits of SoPEC. 
Table 8. Features and Benefits of SoPEC 



I 




optimised print architecture in hardware 



30ppm Ml page photographic quality color printing 
from a desldop PC 



0.13micronCMOS 
(>3 million transistors) 



High speed 

Low cost 

High functtonaJity 



1. 10,000 lines per second equates to 30 A4/Letter pages per minute at 1600 dpi 
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Table 8. Features and Benefits of SoPEC 







900 MjlHon dots per second 


Extremely fiast page generation 


10,000 lines per second at 1 600 dpi 


0.S A4/Letter pages per SoPEC chip per second 


1 chip drives up to 133,920 nozzles 


Low cost page-width printers 


1 chip drives up to 6 color planes 


y» ui ovnu prinwers van use i oor'cv^ oeviCG 


Integrated ORAM 


No external memory required, leading to low cost 
systems 


Rower saving sleep mode 


SoPEC can enter a power saving sleep mode to 
reduce power dissipation between print Jobs 


JPEG expansion 


Low bandwidth from PC 

Low memory requirements in printer 


Lossless bitpiane expansion 


High resolution text and line art With low bandwidth 
from PC (e.g. over USB) 


pieipage lag expansion 


Generates interactive paper 


oiDcnasuc oispefsed dot ditner 


Optically smooth image quality 
No moire effects 


Hardware compositor fore image planes 


Pages composited In reaMime 


Dead nozzle compensation 


Extends printhead lifo and yield 
Reduces printhead cost 


Color space agnostic 


Comoatlblo with all ink^Al^ Anrf imAno e/\iffv*AQ 

Indutfng RGB, CMYK. spot. CIE L*a*b*, hex- 
achrome, YCrCbK, sRGB and other 


Color space conversion 


Higher quality / lower bandwidth 


Computer Interface 


USB1 .1 interim to Host and ISt Interface to ISI- 
Bridge chip thereby allowing connection to IEEE 
1394. Bluetooth etc. 


Cascadabla in resolution 


Printers of any resolution 


Cascadable in color depth 


Special color sets e.g. hexachrome can be used 


CascadabJe in image size 


Printers of any width up to 16 inches 


Cascadat)le in pages 


Primers can print both sides simultaneously 


Cascadable in speed 


Higher speeds are possible by having each SoPEC 
print one vertical strip of the page. 


Fixative channel data generation 


Extremely fast ink drying without wastage 


Built-in security 


Revenue models are protected 


Undercolor removal on dot-by-dot basis 


Reduced ink usage 


Does not require fonts for high speed 
operation 


No font substitution or missing fonts 


Flexible printhead configuration 


Many configurations of printheads are supported by 

one chip type 


Drives Bi-lithic printheads directly 


No print driver chips required, results in lower cost 


Determines dot accurate Ink usage 


Removes need for physical ink monitoring system in 
Ink cartridges 



9.1 Printing rates 

The required printing rate for SoPEC is 30 sheets per minute with an inter-sheet spacing of 4 cm. To 
achieve a 30 sheets per minute print rate, this requires: 
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300imn x 63 (dot/mm) / 2 sec « 1 05.8 |iseconds per line, with no inter-sheet gap. 

340inm x 63 (dot/mm) / 2 sec = 93.3 ^seconds per line, with a 4 cm inter-sheet gap. 
A Printline for an A4 page consists of 13824 nozzles across the page [2]. At a system clock rate of 160 
MHz 13824 dots of data can be generated in 86.4 ^seconds. Therefore data can be generated fast enough 
to meet the printing speed requirement It is necessaiy to deliver this print data to the print-heads. 
Printheads can be made up of 5:5, 6:4, 7:3 and 8:2 inch printhcad combinations [2]. Print data is trans- 
ferred to both print heads in a pair simultaneously. This means the longest time to print a line is determined 
by the time to transfer print data to the longest print segment. There are 9744 nozzles across a 7 inch print- 
head. The print data is transferred to the printhead at a rate of 106 MHz {2iZ of the system clock rate) per 
color plane. This means that it wiU take 91.9 |xs to transfer a single line for a 7:3 printiiead configuration. 
So we can meet the requirement of 30 sheets per minute printing with a 4 cm gap with a 7:3 printhead 
combination. There are 1 1 160 across an 8 inch printhead To transfer the data to the printhead at 1 06 MHz 
will take 105.3 \xs. So an 8:2 printhead combination printing with an inter-sheet gap will print slower than 
30 sheets per minute. 

9.2 SoPEC BASIC ARCHITECTURE 

From the highest point of view die SoPEC device consists of 3 distinct subsjrstems 

• CPU Subsystem 

• DRAM Subsystem 

• Print Engine Pipeline (PEP) Subsystem 

See Figure 13 for a block level diagram of SoPEC. 

9«2.1 CPU Subsystem 

The CPU subsystem controls and configures all aspects of the other subsystems. It provides general sup- 
port for interfacing and synchronising the external printer with the internal print engine. It also controls the 
low speed conununication to the QA chips. The CPU subsystem contains various peripherals to aid the 
CPU. such as GPIO (includes motor control), intcmipt controUcr, LSS Master arid general timers. The 
Serial Communications Block (SCB) on the CPU subsystem provides a full speed USBl . 1 interface to the 
Host as well as an Inter SoPEC Interface (ISI) to other SoPEC devices. 

9.2.2 DRAM Subsystem 

The DRAM subsystem accepts requests firom the CPU, Serial Communications Block (SCB) and blocks 
within the PEP subsystem. The DRAM subsystem (in particular the DIU) arbitrates the various requests 
and determines which request should win access to the DRAM. The DIU arbitrates based on configured 
parameters, to allow sufficient access to DRAM for all requestors. The DIU also hides the implementation 
specifics of the DRAM such as page size, number of banks, refresh rates etc. 

9.2.3 Print Engine Pipeline (PEP) subsystem 

The Print Engine Pipeline (PEP) subsystem accepts compressed pages from DRAM and renders them to 
bi-level dots for a given print line destined for a printhead interface that communicates directly with up to 
2 segments of a bi-lithic printhead. 

The fiist stage of the page expansion pipeline is the CDU, LBD and TE. The CDU expands the JPEG-com- 
prcsscd contonc (typically CMYK) layer, the LBD expands the compressed bi-level layer (typically K) 
and the TE encodes Netpage tags for later rendering (typicaUy in IR or K ink). The output ft-om the first 
stage is a set of buffers: the CPU, SFU. and TFU. The CPU and SFU buffers are implemented in DRAM 
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The second stage is the HCU. which dithers the contone layer, and composites position tags and the bi- 
level spotO layer over the resulting bi-level dithered layen A number of options exist for the way in which 
compositing occurs. Up to 6 channels of bi-levcl data are produced from this stage. Note that not ail 6 
channels may be present on the printhead. For example, the printhead may be CMY only, with K pushed 
into the CMY channels and IR ignored Alternatively, the position tags may be printed in K if IR ink is not 
available (or for testing pmposes). 

The third stage (DNC) compensates for dead nozzles in the printhead by color redundancy and error dif- 
fusing dead nozzle into surrounding dots. 

The resultant bi-level 6 channel dot-data (typically CMYK-IRF) is bufifered and written out to a set of line 
buffers stored in DRAM via the DWU. 

Finally, the dot-data is loaded back from DRAM, and passed to the printhead interface via a dot FIFO. The 
dot FIFO accispts data from the LLU at the system clock rate (pclk), while the PHI removes data from the 
I FIFO and sends it to tiie printhead at a rate of 2/3 times the system clock rate (see Section 9. 1). 
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CPU sub-system 
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Print Engine Pipeline sub-system 
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Figure 13. SoPEC System Top Level partition 
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9.3 SoPEC Block Description 

Looking at Figure 13, the various units are described here in summary form: 



Table 9. Units wfthrn SoPEC 











DRAM 


OIU 


DRAM interface unit 


Provides the Interfeice for DRAM read and write access 
for the various SoPEC units. CPU and the SCB block. 
The 01 U provides arbitration between competing units 




ORAM 


Embedded ORAM 


20Mbits of embedded DRAM, 


CPU 


CPU 


Central Processing Unit 


CPU for system configuration and control 




MMU 


Memory Management Unit 


Limits access to certain memory address areas in CPU 
user mode 




ROU 


Real-time Debug Unit 


Fadlttates the observation of the contents of most of the 
CPU addressaMe registers in SoPEC in addition to 
some pseudo-registers In realtime. 




TIM 


General Timer 


Contains watchdog and general system timers 




LSS 


Low Speed Serial Interfaces 


Low level controller for tnterfactng with the OA chips 




GPiO 


Genera] Purpose lOs 


General lO contn:>{ler. with buiit-tn Motor control unit, 
LED pulse units and de-gtitch circuitry 




ROM 


Boot ROM 


1 6 KBytes of System Boot ROM code 




ICU 


Interrupt CcntroOer Unit 


General Purpose interrupt controlter with configurable 
priority, and masking. 




CPR 


Clock. Power and Reset 
biodc 


Central Unit for controlling and generating the system 
docks and resets and powerdown mechanisms 




PSS 


Power Save Storage 


Storage retained white system is powered down 




USB 


Universal Serial Bus Device 


USB device oontroller tor intertacing with the Host USB. 




ISI 


Inter-SoPEC Interface 


'IS! controller for data and control communication with 

other SoPEC'8 In a multi-SoPEC system 




SCB 


Serial Communication Block 


Contains both the USB and ISI blocks. 
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Table 9. Units within SoPEC 











Print Engine 

Pipeline 

(PEP) 


PCU 


PEP controller 


Provides external CPU with the means to read and write 
rcr unii regisiersi ana reao ana wnte unAM tn single 
32-bH chunks. 


CDU 




CAponus iir^cu Mirnpresseu coriiDne isyer ano wnies 
decompressed contone to DRAM 


CFU 


Contone FIFO Unit 


Provides tine buflering between CDU and HCU 


LBD 


Lossless Bi-level Decoder 


Expands compressed bi-level layer. 


SFU 


Spot FIFO Unit 


Provides line buffering between LBD and HCU 


TE 


Tag encoder 


Encodes tag data into line of tag dots. 


TFU 


Tag FIFO Unit 


Provides tag data storage between TE and HCU 


HCU 


Halftoner compositor unit 


Dithers contone layer and composites the bi-ievel spot 0 
and position tag dots. 


DNC 


Dead Nozzle Compensator 


Compensates for dead nozzles by color redundancy and 
error diffusing dead nozzle data into surrounding dots. 


DWU 


Ootline Writer Unit 


Writes out the 6 channels of dot data tor a given Printline 
to the Une store DRAM 


LLU 


Une Loader Unit 


Reads the expanded page image from line store, format- 
ting the data appropriately for the bl-lithtc printhead. 


PHI 


PrintHead Interface 


Is responsible for sending dot data to the bi-lithic print- 
heads and for providing line synchronization between 
muttipie SoPECs. Also provides test Interfece to print- 
head such as temperature monitoring and Dead Nozzle 
Identification. 



9.4 Addressing SCHEME IN SoPEC 

SoPEC must address 

• 20 Mbit DRAM. 

• PCU addressed registers in PEP. 

• CPU-subsystem addressed registers. 

SoPEC has a unified address space with the CPU capable of addressing all CPU-subsystem and PCU-bus 
accessible registers (in PEP) and all locations in DRAM. The CPU generates byte-aligned addresses for 
the whole of SoPEC. 

22 bits are sufficient to byte address the whole SoPEC address space. 

9.4.1 DRAM addressing scheme 

The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbits of DRAM. 

Most blocks read or write 256-bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required 

• The CPU-subsystem always generates a 22-bit byte-aligned DIU address but it will send flags to the 
DIU indicating whether it is an 8» 16 or 32-bit write. 
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All DIU accesses must be within the same 256-bit aligned DRAM word 



9.4.2 



PEP Unit DRAM addressing 



PEP Unit configuration registers which specify DRAM locations should specify 256-bit aligned DRAM 
addresses i.e. using address bits 21 :5. Legacy blocks from PECl e.g. the LBD and TE may need to specify 
64-bit aligned DRAM addresses if these reused blocks DRAM addressing is difficult to modify. These 64- 
bit aligned addresses require address bits 21:3. However, these 64-bit aligned addresses should be pro- 
grammed to start at a 256-bit DRAM word boundary. 

Unlike PECl, tiiere are no constraints in SoPEC on data organization in DRAM except that all data struc- 
tures must start on a 256-bit DRAM boundary. If data stored is not a multiple of 256-bits then the last word 
should be padded. 



The CPU-bus supports 32-bit word aligned read and write accesses with variable access timings. See sec- 
tion 1 1.4 for more details of the access protocol used on this bus. The CPU-bus does not cunently si4)port 
' byte reads and writes but this can be added at a later date if required by imported IP. 



The PCU only supports 32-bit register reads and writes for the PEP blocks. As the PEP blocks only occupy 
a subsection of the overall address map and the PCU is explicitly selected by the MMU when a PEP block 
is being accessed the PCU does not need to perform a decode of the higher-order address bits* See 
Table 1 1 for the PEP subsystem address map. 



9.4.3 CPU-bus addressed registers 



9.4.4 



PCU addressed registers in PEP 
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9.5 SoPEC Memory Map 



9.5.1 Main memory map 



The system wide memory map is shown in Figure 14 below. The memory map is discussed in detail in 
Section 1 1 Central Piocessing Unit (CPU). 



Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



Accesses in this 
area are via the 
CPU bus and are 
controfled by 
permissions set in ^ 
each peripheral. 



Accesses In this 
area are vta the 
0(U bus and are 
controlled by 
permissions set in \ 
the MMU. 




OxFFFF.FFFF 



_PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x002A_C000 
0x002A„0000 
0x0029^0000 
0x0028.0000 




DRAM 
Regions 



OxOOOO_0000 



Figure 14. Proposed SoPEC CPU memory map (not to scale) 

9.5.2 CPmbus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 1 0 below. The MMU 
performs the decode of Qpu_adr[2I:I2] to generate the relevant cpujblock select signal for each block. 
The addressed blocks decode however many of the lower order bits of cpu_adr[ll:2] aie required to 
address all the registers within &e block. 

Table 10. CPU-bus peripherals address map 



MMLLtiase 


0x0029.0000 


TiM^base 


0x0029.1000 


LSS^base 


0x0029.2000 


GPJO_base 


0x0029.3000 


SCB^base 


0x0029.4000 
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Table 10. CPU-bus peripherals address map 







iCU.base 


0x0029.5000 


CPRJbase 


0x0029^6000 


ROM_ba8e 


Ox0029_7000 


DlU.base 


Qx0O2i9jB000 


PSS_base 


0x0029.9000 


Reserved 


0x0029^000 to 0x0029_FFIT 


PCU^base 


0x002A_0000 to OX002A.BFFF 



9.5.3 PCU Mapped Registers (PEP blocks) address map 

The PEP blocks are addressed via the PCU. From Figure 14, the PCU mapped registers are in the range 
OxO02A_0O00 to 0x002A_BFFF. From Table 11 it can be seen that there are 12 sub-blocks within the PCU 
address space. Therefore, only four bits are necessary to address each of the sub-blocks within the PEP 
part of SoPEC. A iuither 1 2 bits may be used to address any configurable register within a PEP block. This 
gives scope for 1024 configurable registers per sub-block (die PCU mapped registers are all 32-bit 
addressed registers so the upper 10 bits are required to individually address them). This address will come 
either from the CPU or from a command stored in DRAM. The bus is assembled as follows: 

• address[15:12]» sub-block address, 

« addres$[n:2] » register address within sub-block, only the number ofbits required to decode the regis- 
ters within each sub-block are used, 

• address[l :0] byte address, unused as PCU mapped registers are all 32-bit addressed registers. 

So for the case of the HCU, its addresses range from 0x7000 to 0x7FFF within the PEP subsystem or from 
Ox002A_7000 to 0x002A_7FFFF in the overall system. 



Table 11. PEP blocks address map 







PCU^base 


0X002A.0000 


CDU.base 


OXOO2AJ0O0 


CFU^base 


Ox002A-2000 


LBOJbase 


OxO02A_300O 


SFU_base 


OxOO2A_4000 


TE_base 


Ox002A^5000 


TFU^base 


0x002Aj6000 


HCU^base 


0x002A,7000 


ONCbase 


OX002A.6000 


OWU_base 


0x0Q2A_9000 


LLU.base 


0xOO2A_A000 


PHLbase 


OxOO2A^B0OO to Ox002A^BFFF 
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9.6 



Buffer management in SoPEC 

As outlined in Section 9.1, SoPEC has a requirement to print 1 side every 2 seconds i.e! 30 sides per 
minute. 



9.6.1 



Page buffering 



Approximately 2 Mbytes of DRAM are reserved for compressed page buffering in SoPEC. If a page is 
compressed to fit within 2 Mbyte then a complete page can be transferred to DRAM before printing. How- 
ever, the time to transfer 2 Mbyte using USB 1.1 is approximately 2 seconds. The worst case cycle time to 
print a page then approaches 4 seconds. This reduces the worst-case print speed to 15 pages per minute. 



The SoPEC page-expansion blocks support the notion of page banding. The page can be divided into 
bands and another band can be sent down to SoPEC while we arc printing the current band. 

Therefore we can start printing once at least one band has been downloaded. 

The band size granularity should be carefully chosen to allow efficient use of the USB bandwi<^ and 
DRAM buffer space. It should be small enough to allow seamless 30 sides per minute printing but not so 
small as to introduce excessive CPU overhead in orchestrating the data transfer and parsing the band head- 
ers. Band-finish interrupts have been provided to notify the CPU of free buffer space. It is likely that the 
Host PC will supervise the band transfer and buffer management instead of the SoPEC CPU. 

If SoPEC starts printing before the complete page has been transfened to memory there is a risk of a buffer 
undemm occurring if subsequent bands are not transferred to SoPEC in time e.g. due to insufficient USB 
bandwidth caused by another USB peripheral consuming USB bandwidth. A buffer underrun occurs if a 
line synchronisation pulse is received before a line of data has been transferred to the printhead and causes 
the print job to fail at that line. If there is no risk of buffer underrun then printing can safely start once at 
least one band has been downloaded. 

If there is a risk of a buffer underrun occurring due to an interruption of compressed page data transfer, 
then the safest i^}proach is to only start printing once we have loaded up the data for a complete page. This 
means that a worst case latency in the region of 2 seconds (with USBl.l) will be incurred before printing 
the first page. Subsequent pages will take 2 seconds to print giving us the requited sustained printing rate 
of 30 sides per minute. 

A Storage SoPEC (Section 7.2.5) could be added to the system to provide guaranteed bandwidth data 
delivery. The print system could also be constructed using an ISI-Bridge chip (Section 7.2,6) to provide 
guaranteed data delivery. 

The most efficient page banding strategy is likely to be detemiined on a per page/ print job basis and so 
SoPEC will support the use of bands of any size. 



9.6.2 



Band buffering 



Doc: SoPEC_hardware„design 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 45 




SoPEC : Hardware Design 



10 SoPEC Use Cases 

10.1 Introduction 

This ch^ter is intended to give an overview of a representative set of scenarios or use cases which SoPEC 
can perform. SoPEC is by no means restricted to the particular use cases described here. 

In this chapter we discuss SoPEC use cases under four headings: 

1) Normal operation use cases, 

2) Security use cases. 

3) Miscellaneous use cases. 

4) Failure mode use cases. 

Use cases for both single and midti*SoP£C systems are outlined. 
Some tasks may be conqiosed of a number of sub-taslcs. 

The realtime requirements for SoPEC sofhvare tasks are discussed in "Central Processing Unit (CPU)" 
under Section 1 1.3 Realtime requirements. 

10.2 Normal operation in a single SoPEC System with USB Host connection 

SoPEC operation is broken up into a number of sections which are outlined below. Buffer management in 
a SoPEC system is normally performed by the Host. 

10.2.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset, 
A typical powerup sequence is: 

1 ) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. USB Wakeup. 

4) Download and authentication of program (see Section 10,5.2). 

5) Store reusable authentication results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTEICQA and au&enticate operating parameter. 

8) Download and authenticate any further datasets. 

10.2.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in flie CPR block 
(chapter 16). Normally the CPU sub-system and the DRAM wiU be put in sleep mode but the SCB and 
power-safe storage (PSS) will still be enabled 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled, in a single SoPEC system, wakeup can be initiated following a USB reset from the SCB. 
A typical USB wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 
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4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.2). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRESTTER^QA and authenticate operating parameters. 

7) Download and authenticate using results in PSS of any foither datasets (programs). 

10.2.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e,g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre*heat sequence, if required. 

10.2.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host, 
First page, first band download and processing: 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band 

2) The Host downloads the first band (with the page header) to DRAM. 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header, 
calculates PEP register commands and writes directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP coirunands from DRAM via 
PCU. 

Remaining bands download and processing: 

1) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When die complete band header has been downloaded, process the band header according to 
i»^chever band-xelated register updating mechanic is being used. 

10.2.5 Start printing 

1) Wait until at least one band of the first page has been downloaded. 

One approach is to only start printing once we have loaded up the data for a complete page. If we 
start printing before the complete page has been transferred to memory we run the risk of a buffer 
underrun occurring because compressed page data was not transferred to SoPEC in time e.g. due to 
insufficient USB bandwidth caused by another USB peripheral consuming USB bandwidth. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes. A rapid startup order for the PEP units is outlined in Table 1 2. 



Table 12. Typical PEP Unit startup order for printing a page. 







mm 


1 


DNC 


2 


DWU 


3 


HCU 
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Table 12. Typical PEP Unit startup order for printing a page. 



A 


PHI ' 


5 


LLU 


6 


CFU, SFU.TFU 


7 


CDU 


8 


TE. LBO 



3) Print ready interrupt occurs (from PHI). 

4) Start motor control, if first page, otherwise feed the next page. This step could occur before the print 
ready intemipt, 

5) Drive L£Ds» monitor paper status. 

6) Wait for page alignment via page sensor(s) GPIO interrupt 

7) CPU instructs PHI to start producing line syncs and hence commence printing, or wait for an exter- 
nal device to produce line syncs. 

8) Continue to download bands and process page and band headers for next page« 

10.2.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.2.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD, TE need to be re-pro- 
grammed before the subsequent band can be printed This can be via PCU commands from DRAM, Typi- 
cally only 3-5 commands per decompression unit need to be executed. These registers can also be 
reprogrammed directly by the CPU or most likely by iqjdating from shadow register. The finished band 
flag interrupts the CPU to tell the CPU that the area of memory associated with the band is now firee. 

10.2.8 During page print 

Typically during page printing ink usage is commimicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better perfoimed while the 
page is being printed rather than at the end of the page. 

10.2.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished intemipt occurs from PHI. 

2) Shutdown the PEP blocks by de-asserting their Go registers. A typical shutdown order is defined in 
Tabic 13. This will set the PEP Unit state-machines to their idle states without resetting their config- 
uration registers. 

3) Communicate ink usage to QA chips, if required. 
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Table 13. End of page shutdown order for PEP Units (TBO). 







1 


PHI (will shutdown by itself in the normal case at the efxi of a page) 


2 


DWU (shutting this down stalls the ONC and therelbre the HCU and above) 


3 


LLU (should already be halted due to PHI at end of last line of page) 


4 


TE (this Is the only dot supplier likely to be running, halted by (he HCU) 


5 


CDU (this is likely to already be halted due to end of contone band) 


6 


CFU. SFU. TFU. L60 (order unimportant, and should already be halted due to end of 
band) 


7 


HCU. DNC (order unimportant, should already have halted) 



1 0.2.1 0 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

1 0.2.1 1 End of document 

1) Stop motor control. 

10.2.12 Powerdown 



In this mode SoPEC is no longer powered. 

1) Instruct Host PC via USB that SoPEC is about to power down. 



10.2.13 Sleep 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
described in Section 1 6. 

1) Instruct Host PC via USB that SoPEC is about to sleep. 

2) Put SoPEC into defined sleep mode. 
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10,3 NORMAL OPERATION IN A MULTI-SoPEC SYSTEM - ISIMASTER SoPEC 



In a multi-SoPEC system the Host generally manages program and compressed page download to all the 
SoPECs. Inter-SoPEC communication is over the ISI link which will add a latency 

In the case of a multi-SoPEC system with a USB 1,1 connection, the SoPEC with the USB connection is 
the ISIMaster. The ISI-bridge chip is the ISIMaster in the case of an ISI*Bridge SoPEC configuration. 

In a multi-SoPEC system one of the SoPECs will be the PrintMaster. This SoPEC must manage and con- 
trol sensors and actuators e.g. motor control. These sensors and actuators could be distributed over all the 
SoPECs in the system. An ISIMaster SoPEC may also be the PrintMaster SoPEC. 

In a multi-SoPEC system each printing SoPEC wUl generally have its own PRINTER^QA chip (or at least 
access to a PRINTER_QA chip that contains the SoPECs SOPECJd.key) to validate operaring parame- 
ters and ink usage. The results of these operations may be communicated to the PrintMaster SoPEC 
In general the ISIMaster may need to be able to: 

• Send messages to the ISISlaves which will cause the ISISlaves to send their status to the ISIMaster. 

• Instruct the ISISlaves to perform certain qieradons. 

As the ISI is an insecure interface conmiands issued over the ISI are regarded as user made commands. 
Supervisor mode code running on the SoPEC CPUs will allow or disallow tfiese commands. The software 
protocol needs to be construaed with this in mind. 

Existing requirements indicate that it is suflScient for the ISIMaster to initiate all communication with the 
ISISlaves. 

SoPEC operation is broken up into a number of sections which are outlined below. 



Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation USB Wakeup 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program (see Section 10.5.3). 

6) Store reusable cryptographic results in Power-Safe Storage (PSS). 

7) Execution of program from DRAM. 

8) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

9) Download and authenticate any further datasets (programs). 

1 0) Thc initial dataset may be broadcast to all the ISISlaves. 

1 1) ISIMaster master SoPEC then waits for a short time to allow the authentication to take place on the 
ISISlave SoPECs. 

12) Each ISISlave SoPEC is polled for the result of its program code authentication process. 

13) If all ISISlaves report successful authentication the OEM code module can be distributed and 
authenticated. OEM could will most likely reside on one SoPEC. 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[1 6]. Nonnally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled. 



10.3.1 Powerup 



10.3.2 USB wakeup 
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Wakeup describes SoPEC recovery ironi sleep mode with the SCB and power-safe storage (PSS) still 
enabled For an ISIMaster SoPEC, wakeup can be initiated following a USB reset from the SCB. 

A typical USB wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and audientication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

8) Download and authenticate any further datasets 6>rograms) using results in Power-Safe Storage 
(PSS) (see Section 10.5.3). 

9) Following steps as per Powerup. 

10.3.3 Print initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips which may be present on a ISISlave SoPEC. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. Instinct ISISlaves to also perform this operation. 

4) Initiate printhead pre-heat sequence, if required. Instnict ISISlaves to also perform this operation 

10.3.4 First page download 

Buffer management in a SoPEC system is nonnally performed by the Host. 

1) The Host communicates to the SoPEC CPU over the USB to check that DRANf space remaining is 
sufficient to download the first band. 

2) The Host downloads the first band (with the page header) to DRAM. 

3) When the complete page header has been downloaded the SolPEC CPU processes the page header, 
calculates PEP register conmiands and write direcUy to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 

Remaining first page bands download and processing: 

1) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 

10.3.5 Start printing 

1) Wait imtil at least one band of the first page has been downloaded. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes, in the suggested order defined in Table 12. 

3) Print ready interrupt occurs (firom PHI). Poll ISISlaves until print ready interrupt. 
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4) Start motor control (which may be on an ISISlaves SoPEC), if first page, otherwise feed the next 
page. This step could occur before the print ready interrupt. 

5) Drive LEDS, monitor paper status (which may be on an ISISlaves SoPEQ. 

6) Wait for page alignment via page sensor(s) GPIO interrupt (which may be on an ISISlaves SoPEC). 

7) CPU instructs PHI to start producing master line syncs, or wait for an external device to produce 
line syncs. 

8) Continue to download bands and process page and band headers for next page. 

10.3.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.3.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD and TE need to be re- 
programmed This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU, teU the CPU that the area of 
memory associated with the band is now free. 

10.3.8 During page print 

Topically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (fix)m PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while die 
page is being printed rather than at the end of the page. 

10.3.9 Page finish 

TTiese operations are typically performed when the page is finished: 

1) Page finished interrupt occurs from PHL Poll ISISlaves for page finished interrupts. 

2) Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 

3) Communicate ink usage to QAchipsJf required. 



1 0.3.1 0 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 



1 0.3.1 1 End of docu ment 

I) Stop motor control. This may be on an ISISlave SoPEC. 

10.3.12 Powerdown 

In this mode SoPEC is no longer powered. 

1) Instruct Host PC via USB that SoPEC system is about to power down. 

2) Instruct ISISlave SoPECs to powerdown. 

3) Powerdown ISIMaster SoPEC. 
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10.3.13 Sleep 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. ^ 

1) Instruct Host PC via USB which parts of SoPEC system are about to sleq>. 

2) Put defined SoPECs into defined sleep modes. 
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10.4 Normal operation in a Multi-SoPEC System - ISISlave SoPEC 

This section the outline typical operation of an ISISlave SoPEC in a multi-SoPEC system. The ISIMaster 
can be another SoPEC or an ISI-Bridge chip. The ISISlave communicates with the Host via the ISIMaster, 
Buffer management in a SoPEC system is normally performed by the Host. 

10.4.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

A typical powerup sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCO and DIU. DRAM initialisation. 

4) Download and authentication of program (sec Section 1 0.5.3), 

5) Store reusable cryptographic results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

8) SoPEC identification by sampling GPIO pins to detemiine ISIId. Conununicate ISIId to ISIMaster. 

9) Download and authenticate any further datasets, 

10.4.2 ISiwakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
(16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but die SCB and power-safe 
storage (PSS) wiU still be enabled. 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled: In an ISISlave SoPEC» wakeup can be initiated following an ISI reset from the SCB. 

A typical ISI wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER_QA and authenticate operating parameters. 

7) SoPEC identification by sampling GPIO pins to determine ISIId. Communicate ISIId to ISIMaster. 

8) Download and authenticate any further d^rofetr. 

10.4.3 Print initlafization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e.g. dither matrices, dead nozzle tables from ISIMaster to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required. 
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10.4.4 First page download 

Buifer management in a SoPEC system is nomially performed by the Host via the ISIMaster. 

1) Check DRAM space remaining is sufficient to download the first band 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster. 

3) When the complete page header has been downloaded, process the page header, calculate PEP reg- 
ister commands and write directly to PEP registers or to DRAM, 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU 

Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMaster, 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used 

10.4.5 Start printing 

1) Wait until at least one band of the first page has been downloaded 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes, in the order defined in Table 12. 

3) Print ready interrupt occurs (from PHI). Communicate to ISIMaster via ISI link. 

4) Start motor control, if attached to this ISISlave. when requested by ISIMaster, if first page, other- 
wise feed next page. This step could occur before the print ready intemipt 

5) Drive LEDS, monitor paper status, if on this ISISlave SoPEC, when requested by ISIMaster 

€) Wait for page alignment via page sensor(s) GPIO interrupt, if on this ISISlave SoPEC, and send to 
ISIMaster. 

7) Wait for line sync and commence printing. 

8) Continue to download bands and process page and band headers for next page. 

10.4.6 Next page(s) download 

As for first band download, performed during printing of current page. 

10.4.7 Between bands 

When the finished band flags are asserted band related registers in the CDU. LBD and TE need to be re- 
programmed This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU tell the CPU that the area of 
memory associated with the band is now free. 

10.4.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 
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10.4.9 Page finish 



These 



operations are typically performed when the page is finished: 

Page finished intemipt occurs from PHI. Communicate page finished interrupt to ISIMaster. 
Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 
Communicate ink usage to QA chips, if required. 



I) 
2) 



3) 



10.4.10 Start of next page 



These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU conunand processing from DRAM based on page header. 

2) Go to Start printing. 



1 0.4.1 1 End of document 



Stop motor control, if attached to this ISISlave, when requested by ISIMaster. 



10.4.12 Powerdown 

In this mode SoPEC is no longer powered. 

1) Powerdown ISISlave SoPEC when instructed by ISIMaster. 

10.4.13 Sleep 

The CPU can put dlfTeient sections of SoPEC into sleep mode by writing to twisters in the CPR block 



[161. 



1) Put SoPEC into defined sleep modes. 
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10.5 Security Use Cases 

I 

Please see the 'SoPEC Security Overview' [9] document for a more complete description of SoPEC secu- 
rity issues. The SoPEC boot operation is described in the ROM chapter of the SoPEC hardware design 
specification. Section 1 7.2. 

10.5.1 Communication with the OA chips 

Communication between SoPEC and the QA chips (i.e. INK.QA and PRINTER^QA) wiirtake place on 
at least a per power cycle and per page basis. Communication with the QA chips has three principal pur- 
poses: validating the presence of genuine QA chips (i.e the printer is using approved consumables), valida- 
tion of the amount of ink remaining in the cartridge and authenticating the operating parameters for the 
printer. After each page has been printed, SoPEC is expected to communicate the number of dots fired per 
ink plane to the QA chipset. SoPEC may also initiate decoy communications with the QA chips from time 
to time. 

Process: 

• When validating ink consumption SoPEC is expected to principally act as a conduit between the 
PRINTER_QA and rNK_QA chips and to take certain actions (basically enable or disable printing and 
report status to Host PC) based on the result The communication channels are insecure but all traffic is 
signed to guarantee authenticity. 

Known Weaknesses 

• All commimication to the QA chips is over the LSS interfaces using a serial conununication protocol. 
This is open to observation and so the communication protocol could be reverse engineered. In this 
case both the PRINTER^QA and INIQ_QA chips could be replaced by impostor devices (e.g. a single 
FPGA) that successfully emulated the communication protocol. As this would require physical modifi- 
cation of each printer this is considered to be an acceptably low risk. Any messages that are not signed 
by one of the symmetric keys (such as the SoPEC_id_key) could be reverse engineered. The imposter 
device must also have access to the appropriate keys to crack the system. 

• If the secret keys in the QA chips arc exposed or cracked then the system, or parts of it, is compro- 
mised. 

Assumptions: 

[1] The QA chips are not involved in the authentication of downloaded SoPEC code 
[2 ] The QA chip in the ink cartridge (INK_QA) does not directly affect the operation of the cartridge in 
any way i.e. it does not inhibit the flow of ink etc. 

C33 The INK.QA and PRINTER^QA chips are identical in their virgin state. They only become a 
INK_QA or PRINTER.QA after their FlashROM has been programmed. 



10.5.2 Authentication of downloaded code in a single SoPEC system 
Process: 

1 ) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The program is downloaded to the embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signamre is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
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RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

7) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

8) If the hash values match then the CPU staits executing the downloaded program. 

9) If, as is very likely, the downloaded program wishes to download subsequerU programs (such as 
OEM code) it is responsible for ensuring the authenticity of everything it downloads. The down- 
loaded program may contain public keys that are used to authenticate subsequent downloads, thus 
forming a hierarchy of authentication. The SoPEC ROM does not control these authentications - it 
is solely concemed widi verifying that the first program downloaded has come from a trusted 
source. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 l)The OEM code is expected to perform some simple 'turn on the lights' tasks after which the Host 
PC is informed that the printer is ready to print and the Start Printing use case comes into play. 
Known Weaknesses: 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised. A 
ROM mask change would be required to reprogram the bootOkey. 

10.5.3 Authentication of downloaded code in a multi-SoPEC system 

i0.5.3.i iSMaster SoPEC Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The SCB is configured to broadcast the data received from the Host PC. 

3) The program is downloaded to the embedded DRAM and broadcasted to all ISISlave SoPECs over 
thelSI. 

4) The CPU calculates a SHA-1 hash digest of the downloaded program. 

5) The ResetSrc register in the CPR block is read to detennine whether or not a power-on reset 
occuired- ^ 

6) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RS A. If a power-on reset did not occur then the expected SHA-l hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

7) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

8) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

9) If the hash values match then the CPU starts executing the downloaded program. 

10) It is likely that the downloaded program will poll each ISISlave SoPEC for the restUt of its authenti- 
cation process and to determine the number of slaves present 

1 l)If any slave reports a failed authentication then the ISIMaster communicates this to the Host PC and 
puts itself into powerdown mode. 
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12) If all ISISIaves report successful authentication then the downloaded program is responsible for the 
downloading, authentication and distribution of subsequent programs within the tnulti-SoPEC sys- 
tem. 

13) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
0/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

14) The OEM code is expected to perform some simple ^tum on the lights' tasks after which the master 
SoPEC deteimines that all SoPECs are ready to print. The Host PC is informed that the printer is 
ready to print and the Start Printing use case comes into play. 



10.5.3.2 iSiSiave SoPEC Process: 

1) When the CPU comes out of reset the SCB should still be in slave mode, and the SCB is already 
configured to receive data from the ISIMasten 

2) The program is downloaded to embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is Hkely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

€) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

7) If the hash values do not match, then the ISISlave device will await a new program again, eventu- 
ally timing out and powering down. 

8) If the hash values match then the CPU starts executing the downloaded program, 

9) It is likely that the downloaded program will communicate the result of its authentication process to 
the ISIMaster. The downloaded program is responsible for determining the SoPECs ISIId, receiving 
and authenticating any subsequent programs. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 1) The OEM code is expected to perform some simple *tum on the lights* tasks after which the master 
SoPEC is infisrmed that this slave is ready to print The Start Printing use case then comes into play 

Known Weaknesses 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised. 

• ISI is an open interface i.e. messages sent over the ISI are in the clear. The communication channels 
are insecure but all trafiftc is signed to guarantee authenticity. As all communication over the ISI is con- 
trolled by Supervisor code on both the ISIMaster and ISISlave then this also provides some protection 
against software attacks. 
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10.5.4 Authentication and upgrade of operating parameters for a printer 



The SoPEC IC will be used in a range of printers with different capabilities (e.g. A3/A4 printing, printing 
speed, resolution etc.). It is expected that some printers will also have a sofhvare upgrade capability which 
would allow a user to purchase a license that enables an upgrade in their printer's c^abUities (such as 
print speed). To facilitate this it must be possible to securely store the operating parameters in the 
PRINTER^QA chip, to securely communicate these parameters to the SoPEC and to securely reprogram 
the parameters in the event of an upgrade. Note that each printing SoPEC (as opposed to a SoPEC that is 
only used for the storage of data) will have its own PRINTER_QA chip (or at least access to a 
PRnNfTER.QA that contains the SoPEC's SoPECJd_kcy). Therefore both ISIMaster and ISISlave 
SoPECs will need to authenticate operating parameters. 



1) Program code is downloaded and authenticated as described in sections 10.5.2 and 10.5.3 above. 

2) The program code has a function to create the SoPEC Jd_key from the unique SoPEC Jid that was 
programmed when the SoPEC was manufactured. 

3) The SoPEC retrieves the signed operating parameters from its PRINTER_QA chip. The 
PRINTER^QA chip uses the SoPEC_id_key (which is stored as part of the pairing process exe- 
cuted during printhead assembly manufacture Sl test) to sign the operating parameters which are 
appended with a random number to thwart replay attacks. 

4) The SoPEC checks the signature of the operating parameters using its SoPEC_id_key. If this signa- 
ture authentication process is successful then the operating parameters are considered valid and the 
overall boot process continues. If not the error is reported to the Host PC. 

5) Operating parameters may also be set or upgraded using a second key, the PrintEngineLicenseJcey, 
which is stored on the PRINTER.QA and used to authenticate the change in operating parameters. 

Known Weaknesses: 

• It may be possible to retrieve the unique SoPEC_id by placing the SoPEC in test mode and scanning it 
out. It is certainly possible to obtain it by reverse engineering the device. Either way the SoPEC_id 
(and by extension the SoPEC_id_kcy) so obtained is valid only for that specific SoPEC and so printers 
may only be compromised one at a time by parties with the appropriate specialised equipment. Fur- 
thermore even if the SoPEC_id is compromised, the other keys in the system, which protect the 
authentication of consumables and of program code, are unaffected. 



Process: 
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S5 



10.6 Miscellaneous Use Cases 

There are many miscellaneous use cases such as the following examples. Software running on the SoPEC 
CPU or Host will decide on what actions to take in these scenarios. 

10.6.1 Disconnect / Re-connect of OA chips. 

1) Disconnect of a QA chip between documents or if ink runs out mid-document. 

2) Re-connect of a QA chip once authenticated e.g. ink cartridge replacement should allow the system 
to resume and print the next document 

10-6.2 Page arrives before print ready interrupt. 

1) Engage clutch to stop paper until print ready intemipt occurs. 

10.6.3 0ead-no2zie tabie upgrade 

This sequence is typically perfoxmed when dead nozzle infonnation needs to be updated by perfonnine a 
printhead dead nozzle test. 

1) Run printhead nozzle test sequence 

2) Either Host or SoPEC CPU converts dead nozzle information into dead nozzle table, 

3) Store dead nozzle table on Host. 

4) Write dead nozzle table to SoPEC DRAM. 
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10.7 



Failure Mode Use Cases 



10.7.1 



System errors and security violations 



System errors and security violations are reported to the SoPEC CPU and Host. Software running on the 
SoPEC CPU or Host will then decide what actions to take. 

Silverbrook code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print run. 

-OEM code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print run. 

Invalid QA ch2p(s). 

1) Report to Host PC. 

2) Abort print run. 

MMU security violation interrupt. * 

1) This is handled by exception handler. 

2) Report to Host PC 

3) Abort print run. 

Invalid address interrupt from PCU. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Watchdog timer interrupt. 

1} This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Host PC does not acknowledge message that SoPEC is about to power down. 
1) Power down anyway. 



Printing errors are reported to the SoPEC CPU and Host Software ruxming on the Host or SoPEC CPU 
will then decide what actions to take. 



Insufficient space available in SoPEC compressed band-store to download a band. 
1) Report to the Host PC. 



1) Report to Host PC. 

Page not downloaded in time while printing. 

1) Buffer underrun interrupt will occur. 

2) Report to Host PC and abort print nm. 

JPEG decoder error intemipt. 
1) Report to Host PC. 



1 0.7.2 Printing errors 



Insufficient ink to print. 
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CPU Subsystem 
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11 Central Processing Unit (CPU) 

11.1 Overview 

The CPU block consists of the CPU core, MMU, cache and associated logic. The principal tasks for the 
program running on the CPU to fulfill in the system are: 

Communications: 

• Control the flow of data from the USB inter&ce to the DRAM and ISI 
I • Communication with the host via USB or ISI 

• Running the USB device driver 

PEP Subsystem Control: 

• Page and band header processing (may possibly be performed on host PC) 

• Configure printing options on a per band, per page» per job or per power cycle basis 

• Initiate page printing operation in the PEP subsystem 

• Retrieve dead nozzle information from the printhead inter&ce (PHI) and forward to the host PC 

• Select the appropriate firing pulse profile from a set of predefined profiles based on the printhead 
characteristics 

• Retrieve printhead temperature via the PHI 
Security: 

• Authenticate downloaded program code and printer operating parameters 

• Authentii^ consumables via the PRINTER^QA and INKLQA chips 

• Monitor ink usage 

• Isolation of OEM code from direct access to the system resources 
Other: 

• Drive the printer motors using the GPIO pins 

• Monitoring the status of the printer (paper jam» tray empty etc.) 

• Driving front panel LEDs 

• Perform post-boot initialisation of the SoPEC device 

• Memoiy management (\ikQ\y to be in conjunction with the host PC) 

• Miscellaneous housekeeping tasks 

To control the Print Engine Pipeline the CPU is required to provide a level of performance at least equiva- 
lent to a 16-bit Hitachi H8-3664 microcontroller running at 16 MHz. An as yet imdetennined amount of 
additional CPU performance is needed to perform the other tasks. The extra performance required is dom- 
inated by the signature verification task and the SCB (including the USB) management task. An operating 
system is not required at present. A number of CPU cores have been evaluated and the LEON P1754 is 
considered to be the most appropriate solution. A diagram of the CPU block is shown in Figure 15 below. 
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AHB Controller 



AHB Interface 



LEON Core 



CACHE 
&MMU 



Address 
Decoder 



Realtime 

Debug 

Unit 



cpu.adr[2l:0] 
cpu_dataout[31 :0] 

dram^<^_data[255.-01 

cpu_3iu_rreq 

diu_cpu_rack 

dlu_cpu_rvalid 

q3U_dtu_wreq 

diu_cpu_wa« 

cpu_diu_wvalid 

cpu_dhj_wmask(1 :0] 

cpu.acode[1:0] 

cpu^rwn 

cpu_cpr_sel 

cpf-Cpu_rdy 

cpr_cpu_data[31 :0J 

cpu_gpio_sel 

gpio_cpu_rdy 

gpio_.cpu_data[31 :0] 

cpujcu_sel 

icu_cpu_rdy 

lcu_cpu_dataT31 :0] 

lss_cpu_data[31 :01 

CPU Dcu_sel 

pcu^cptCroy 

pcu.cpu_data(31 ;0] 

cpuscb_se( 

sco_cpu_ray 

scb_cpu_data(31 :0} 

cpu_tim_sel 

tim_cpu_rdy 

tini_cpu_data(31 :0] 

cpu_rom_sel 

roai_cpu_rdy 

rom_:cpu__dataI31 K)] 

cpu_p8S_8fil 

ps8_jcpu_rdy 

pss_cpu_data(31 :0] 

cpu_dlu_sel 

diu_qpu_rdy 

dtu_cpu_data(31 :0) 

diu_cpu_berr 

pss_cpu_beiT 

romjcpujoen 

tim_cpu_berr 

scb_cpu_berr 

pcu.cpu_berf 

Iss^cpu.berr 

lcu_cpu_berr 

flpto_cpu_ben' 

cpr_cpu_befr 

dlu_cpu_debug_valid 

tini_cpu_debug_vaUd 

scb_cpu_debug_valid 

pcu_cpu_dcbug_valld 

Iss_cpu_jdebug_valjd • 

icu_cpu_debug_valid 

gpio_cpu_debug_valld 

cpr_cpu_debuQ_valid 



debug_data_out{1 8:01 
debug_data_vai'id 
-> debug_cntr1(19:0] 



— pTStjn 

— pclk 

— icu_cpu_nevel[3:0] 
cpujack 

cpujcu_nevel[3:0] 



Figure 15. CPU block diagram 
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I 11.2 Definitions of I/Os 



I Table 14. CPU Subsystem l/Os 















Clocks and Reseia 




prst_r> 


1 


In 


Gk>t>ai reset. Synchronous to pdk, active low. 




pclK 


1 


In 


Gtobal ck>ck 




CPU to DIU DRAM Interface 


1 


cpu__adrI21:0) 


22 


Out 


Address bus for both ORAM arKt peripheral access 




cpu.dataout[31:0] 


32 


Out 


Data out to both DRAM and peripheral devices. This should be 


1 








driven at the same time as the cpu_acfrand request »'gnals. 


1 


d ram.cpu_data{255:0] 


2S6 


In 


Read data from the DRAM 




cpu.d[u_rreq 




Out 


Read request to the OIU DRAM 




diu^cpu^mck 




In 


Acknowledge from DIU that read request has been accepted. 


1 


diu_cpu_rvand 




In 


Signal from DIU teUing SoPEC Unit that vaJid read data is on the 
dram_cpujdata bus 




cpu_diu_wreq 




Out 


Write request to the DfU 




dtu_cpu_wack 




In 


AckiK>wledge from the DIU that the write request has tieen 
accepted 




cpu_|diu_wvalid 


1 


Out 


Signal from the CPU to the DIU Indicating that the data currently on 
the cpu_dataout bus Is valid 


1 


cpu_diu_wmask(1 :0] 


2 


Out 


Rag indicating format of CPU write to DRAM 
cpujdiujmnask « 00: 8-blt write 
cpujdfu^wmask^ 01 : 16-bit write 
Gpuj(^_wma9k- 10: 32-bit write 
cf)ujahijMnask^ 1 1 : reserved 

cpu_adit2.-0) are driven In acooidance with the width of the data 
access indk»ted t>y cpujifm_wmask. Addresses cannot cross a 
256-btt word DRAM boundary. 




CPU to peripheral blocks 




cpu_iwn 


1 


Out 


Common read/not-write signal from the CPU 


1 
1 


cpu_acode(1:0] 


2 


Out 


CPU access code signals. 

cpu.acode(0] • Program (0) / Data (1) access 

cpu_aoode[l] - User (0) / Supervisor (1} access 




cpu_cpf_sel 


1 


Out 


CPR bkx* select 




cpr_cpu_fdy 


1 


In 


Ready signal to the CPU. When cpr_cptt.njy is high It indicates the 
last cyde of the access. For a write cyde this means cpu_dataout 
has been registered by the CPR block and for a read cyde this 
means the data on cprjcpujOata is valid. 




cprjcpu^berr 


1 


In 


CPR bus enor signal to the CPU. 




cpr_cpu_data{3l 10] 


32 


In 


Read data bus from the CPR block 




cpu_gpk>_8el 


1 


Out 


QPIO bk>ck select 




9pjo_cpu_fdy 


1 


In 


GPIO ready signal to the CPU. 




OpiO—Cpu^ben- 


1 


In 


GPIO bus error signal to the CPU. 




gpio.cpu_€lata[31 :0] 


32 


In 


Read data bus from the GPIO block 




cpu_!cu_8ei 


1 


Out 


ICU block select. 




'cu_cpu_rdy 


1 


In 


ICU ready signal to the CPU. 




icu_cpu_berr 


1 


Jn 


ICU t)U3 error signal to the CPU. 




*cujcpu_data(31:0} 


32 


In 


Read data bus from the ICU block 
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Table 14. CPU Subsystem l/Os 











1 (cc col 
v«JAJ^I5k»_o CI 




Out 


Loo DK>cK select 


Ice r^ni 1 f r4\# 




In 


LSS ready signal to the CPU. 


1 i>N>^cpij_u err 




In 


LSS bus error sfgnal to the CPU. 






In 


Read data bus from the LSS block 






Out 


PCU Uodc select 


pcu_jcpu_rdy 


- ^ 


In 


PCU ready signal to the CPU. 


pcu_cpu rr 




In 


PCU bus error signal to the CPU. 


pcu_cpu_data(31 :0] 


32 


In 


Read data bus from the PCU block 


cpu.scb_sel 




Out 


SCB bkx^ select 


scb_cpu_rdy 




In 


SCB ready signal to the CPU. 


scb_cpu_b€rr 




In 


SCB bus error signal to the CPU. 


SCb_cpu_data(31 .-0] 


32 


In 


Read data bus from the SCB block 


cpu_tim_sel 




Out 


Timers block select 


tim_cpu_rcfy 




In 


Timers blodk ready signal to the CPU. 


tim_cpu_berr 




In 


Tlniers bus error signal to the CPU. 


tim_cpu_datai 3 "J -0] 


32 


In 


Read data bus from the Timers block 


cpu_rom_sel 




Out 


ROM block select 


fom_cpu_rdy 




In 


ROM bkxic ready signal to the CPU. 


rom_cpu_b€rr 




In 


ROM bus error signal to the CPU. 


rom_cpu.dala(31 .*0] 




In 


R^d data bus from the ROM block 


cpu_pss_sel 




Out 


PSS bkKik select 


pss_cpu_rdy 




In 


PSS block ready signal to the CPU. 


pS3_cpu_b6rr 




in 


PS|S bus error signal to the CPU. 


pssjcpu_data(31 :0) 




In 


Read data bus from the PSS block 


cpu_diu_$el 




Out 


OIU register bk)ck select 


diu_cpu_fdy 




In 


OIU register block ready signal to the CPU. 


diu_cpu_beir 




In 


DiU bus error signal to the CPU. 


diu_cpu.data(31:0] 


32 


In 


Read data bus from the DiU block 


Interrupt signals 


^cu-cpujlevel(3:0) 


3 


In 


An interrupt Is asserted by driving the appropriate priority level on 
icu^cpu_UeveL These signals must remain asserted untQ the CPU 
executes an Interrupt acknowledge cycle. 


cpu_icu.il6vel[3:0] 


3 


Out 


Indicates the level of the interrupt the CPU Is acknowledging when 
cpu_iackishig^ 


cpujack 


1 


Out 


Interrupt acknowledge signal. The exact timing depends on the 
CPU core Implementation 


Debug signals 


diu.cpu_debugLvalid 


1 


In 


Signal indicating the data on the Hiujc^jdiata bus Is valid debug 
data. ^ 


tim_cpu_det>UflLvalid 


1 


In 


Signal indicating the data on the tim cpu data bus Is valid debug 
data. 


scb_cpu_dabug_vand 


1 


In 


Signal indk^ating the data on the scb cpu data bus Is vaBd debug 
data. 
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Table 14. CPU Subsystem UOs 











pcu.cpu.debugLvalid 




In 


oiyn«u inaica.ung iri© aa.i3. on me pcu_cpu_Oa(3. DuS ts VcUiu aotXlQ 
data. 


lss_q)u.debugLvaJkl 


1 


rn 


Signal indicating the data on th« lss_cpu^data bus is valid debug 
data. 


tcu_cpu_debug_valid 


1 


In 


Signal indicating itie data on the fcu__cpu_data bus is valid debug 
data. 


Qpto_cpu_delxia.valid 


1 


In 


Signaf Indicating the data on the gpio_cpu_jiata bus is valid debug 
data. 


cpr_cpu_debug_valid 


1 


In 


Signal Indicatng the data on the cpr_cpu_data bus is valid debug 
data. 


debu0.data_out 


18 


Out 


Output debug data to be muxed on to the PHI pins 


debug_data_valki 


1 


Out 


Debug valid signal indicating the validity of the data on 
debug_data_out. This signal Is used in all detxig confrgurattons 


debug.cntri 


20 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data should be selected by the pin mux 



11.3 Realtime requirements 

The SoPEC realtime requirements have yet to be fully deteimined but they may be split into three catego* 
lies: hard, firm and soft 

11.3.1 Hard realtime requirements - 

Hard requirements are tasks that must be completed before a certain deadline or failtire to do so will result 
in an error perceptible to the user 0>nnting stops or functions incorrectly). There are three hard realtime 
tasks: 

• Motor control: The motors which feed the paper through the printer at a constant speed during 
printing are driven directly by the SoPEC device. Four periodic signals vnth different phase rela- 
tionships need to be generated to ensure the paper travels smoothly through the printer. The genera- 
tion of these signals is handled by the GPIO hardware (see section .13.2 for more details) but the 
CPU is responsible for enabling these signals (i.e. to start or stop the motors) and coordinating the 
movement of the paper with the printing operation of the printhead. 

• Buffer managemeiU: Data enters the SoPEC via the SCB at an uneven rate and is consumed by the 
PEP subsystem at a different rate. The CPU is responsible for managing the DRAM buffers to 
ensure that neither overrun nor underrun occur. This buffer management is likely to be performed 
under the direction of the host. 

• Band processing: In certain cases PEP registers may need to be updated between bands. As the tim- 
ing requirements are most likely too stringent to be met by direct CPU writes to the PCU a more 
likely scenario is that a set of shadow registers will programmed in the compressed page units 
before the current band is finished, copied to band related registers by the finished band signals and 
the processing of the next band will continue immediately. An alternative solution is that the CPU 
will construct a DRAM based set of commands (see section 21 .8,5 for more details) that can be exe- 
cuted by the PCU. The task for the CPU here is to parse the band headers stored in DRAM and gen- 
erate a DRAM based set of commands for the next number of bands. The location of the DRAM 
based set of commands must then be written to the PCU before the current band has been processed 
by the PEP subsystem. It is also conceivable (but currently considered unlikely) that the host PC 
could create the DRAM based commands. In this case the CPU will only be required to point the 
PCU to the correct location in DRAM to execute commands from. 
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11,3.2 Firm requirements 

Firm requirements are tasks that should be completed by a certain time or failure to do so will result in a 
degradation of performance but not an error. The majority of the CPU tasks for SoPEC fall into this cate- 
gory including all interactions with the QA chips, program authentication, page feeding, configuring PEP 
registers for a page or job, determining the firing pulse profile, commimication of printer status to the host 
over the USB and the monitoring of ink usage. The authentication of downloaded programs and messages 
will be the most compute intensive operation the CPU will be required to perform. Initial investigations 
indicate that the LEON processor, running at 160 MHz, will easily perform three authentications in under 
a second. 



Table 15. Expected firm requirements 




Power-on to start of printlhg first page [USB and stave SoPEC enumeration, 3 or more 
RSA signature verifications, code and compressed page data download and chip Initiali- 
sation] 


- 8 sees 7? 


Wake-up from sleep mode to start printing [3 or mora SHA-1 operations, code and com- 
pressed page data download and chip reinitialisation 


- 2 sees 


Authenticate ink usage in the printer 


~ 0.5 sees 


Determining firing putse profile 


- 0.1 sees 


Page fieedtng, gap between pages 


OEM dependent 


Communication of printer status to host PC 


- 10 ms 


Configuring PEP registers 


7? 



1 1.3.3 Soft requirements 

Soft requirements are tasks that need to be done but there are only light time constraints on when they need 
to be done. These tasks are performed by the CPU when there are no pending higher priority tasks. As the 
SoPEC CPU is expected to be lighdy loaded these tasks will mostly be executed soon after they are sched* 
uled. 

11.4 Bus Protocols 

As can be seen irom Figuie 15 above there are different buses in the CPU block and different protocols are 
used for each bus. There are three buses in operation: 

11.4.1 CPU core to cache/MMU bus 

This is the native bus of the CPU core. See section 1 1 .6.6. 1 for more details. Timing and full signal details 
should be provided in the documentation accompanying this core. 

11.4.2 Cache/MMU to DIU bus 

This bus conforms to the DIU bus protocol described in Section 20.13.2. Note that the address and data 
buses are shared with the peripheral bus. The effective bus width differs between a read (256 bits) and a 
write (32/16/8 bits) and only the bottom 32 bits of the bus are shared with the peripheral bus. As certain 
CPU instructions may require byte write access this will need to be supported in the DIU. See section 
1 1 .6.6.2 for more details. . 
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11.4.3 CPU Subsystem Bus 

For access to the on-chip peripherals a simple bus protocol is used. The MMU must first determine which 
particular block is being addressed (and that the access is a valid one) so that the appropriate block select 
signal can be generated. During a write access CPU write data is driven out with the address and block 
select signals in the first cycle of an access. The addressed slave peripheral responds by asserting its ready 
signal indicating that it has registered the write data and the access can complete. The write data bus is 
I common to all peripherals and is also used for CPU writes to the embedded DRAM, A read access is initi- 

ated by driving the address and select signals during the first cycle of an access. The addressed slave 
responds by placing the read data on its bus and asserting its ready signal to indicate to the CPU that the 
read data is valid. Each block has a separate point-to-point data bus for read accesses to avoid the need for 
a tri-stateable bus. 

All peripheral accesses are 32-bit. Support for byte or 16-bit accesses may be added if required by an 
imported IP block such as the USB controller. The use of the ready signal allows die accesses to be of vari- 
able length. In most cases accesses will complete in two cycles but ^ee or four (or more) cycles accesses 
are likely for PEP blocks or IP blocks widi a different native bus interface. All PEP blocks are accessed via 
the PCU which acts as a bridge. The PCU bus uses a similar protocol to the CPU subsystem bus but with 
the PCU as the bus master. 

The duration of accesses to the PEP blocks is influenced by whedier or not the PCU is executing com- 
mands from ORAM. As these commiands arc essentially register writes the CPU access will need to wait 
until the PCU bus becomes available when a register access has been completed. This could lead to the 
CPU being stalled for up to 4 cycles if it attempts to access PEP blocks while the PCU is executing a com- 
mand. The size and probability of diis penalty is sufficiently small to have any significant impact on per- 
formance. 

In order to support user mode (i.e. OEM code) access to certain peripherals the CPU subsystem bus prop- 
agates the CPU function code signals icpu_acode[l :0J). These signals indicate the type of address space 
(i.e. UsCT/Siqjcrvisor and Program/Data) being accessed by the CPU for each access. Each peripheral must 
determine whether or not the CPU is in the correct mode to be granted access to its registers and in some 
cases (e.g. Timers and GPIO blocks) different access permissions can apply to different registers within 
the block. If the CPU is not in the correct mode then the violation is flagged by asserting the block's bus 
error signal {block^cpujberr) with the same timing as its ready signal (plockjcpu^rdy) which remains 
deasserted. When this occurs invalid read accesses should return 0 and write accesses should have no 
effect 

Figure 16 shows two examples of the peripheral bus protocol in action. A write to the LSS block from 
code nmning in supervisor mode is successfully convicted. This is immediately followed by a read from a 
PEP block via the PCU from code ruming in user mode. As this type of access is not permitted the access 
is terminated with a bus error. The bus error exception processing then starts directly after this - no further 
accesses to the peripheral should be required as the exception handler should be located in the DRAM. 

Each peripheral acts as a slave on the CPU subsystem bus and its behavior is described by the state 
machine in section 1 1 A3.1 
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po«K rijijnjn_jTjn_rLn_n 

cpu_adf(21:0] b^^^ LSS address | PEP address ^^^^ Supervisor stacij 



cpu_rwn L 



J 



1 



cpu_acode(1:0] [^^^ Supvr Data | User Data |^^^^ Supvr Data 

cpu.lss.sel I" 

lss_cpu_rdy 

lss_cpu_berr 



J — L 



cpu jjcu.sel I 

pcu_cpu_berr I I 

pcu_cpu_rdy ' 

pcu.cpu_data[31:0] |^^^^s^^^s^^^^^^^>^s^ 0x0000.0000 

Figure 16. CPU bus transactions 



i i CPU subsystem bus slave state machine 

CPU subsystem bus slave operation is described by the state machine in Figure 17. This state machine 
will be implemented in each CPU subsystem bus slave. The only new signals mentioned here are the 
valid^access and reg_available signals. The valid_access is detemiined by comparing the cpu^acode 
value with the block or register (in the case of a block that allow user access on a per register basis such as 
the GPIO block) access permissions and asseiting vaiidjaccess if the permissions agree with the CPU 
mode. The reg_avaitable signal is only required in the PCU or in blocks that are not capable of two-cycle 
access (e.g. blocks containing imported IP with different bus protocols). In these blocks the reg^available 
signal is an internal signal used to insert wait states (by delaying the assertion of block^cpu^rdy) until the 
CPU bus slave interface can gain access to the register. 

When reading from a register that is less than 32 bits wide the CPU susystems bus slave should return 
zeroes on the unused upper bits of the block_cpu_data bus. 

To support debug mode the contents of the register selected for debug observation, debugjreg, are always 
output on the block_jcpu^data bus whenever a read access is not taking place. See section 1 1.8 for more 
details of debug operation. 
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pfst n = 



CPU Mock fie< 



blocK^Gpu.rdy & 0 
WocK^cpu^bef r « 0 
blocK^cpu.data = debug_reg_data 
Wock_cpu_debug_ valid = 1 



block_cpo_data = reg_data 
btock_qxi_debug_valld » 1 



block_.cpu_(la a 




Figure 17. State machine for a CPU subsystem slave 



11.5 LEON CPU 



The LEON processor is an open-source implementation of the IEEE-1754 standard (SPARC V8) instruc- 
tion set. LEON is available from and actively supported by Gaisler Research (www.gaisler.com). 

The following features of the LEON-2 processor will be utilised on SoPEC: 



• IEEE- 1 754 (SPARC V8) compatible integer unit with 5-stage pipeline 

• Separate instruction and data cache (Harvard architecure) 

• Set-associative caches: 1-4 sets, 1-64 kbyte/set. Random, LRR or LRU replacement. Direct 
mapped cacches are also available and are the more likely option for SoPEC. 

• Full implementation of AMBA-2.0 AHB on-chip bus 

• Power-down mode 

The standard release of LEON incorporates a number of peripherals and support blocks which will not be 
included on SoPEC. The LEON core as used on SoPEC will consist of: 1) the LEON integer unit. 2) pos- 
sibly the instruction and data caches (currently under review), 3) the cache control logic (to be signiR- 
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cantly reduced by optimisation if the caches are not used). 4) the AHB interface and 5) possibly the AHB 
controller (although this functionality may be implemented in the LEON Bridge). 

The version of the LEON database that the SoPEC LEON components will be sourced from is LE0N2- 
1.0.8 although later versions may be used if they offer worthwhile functionality or bug fixes that affect the 
SoPEC design. Note that if the LEON caches are not used then we may revert to vl.OJ of the database as 
the cache control logic is likely to be simpler and easier to optimise away (vl.0.8 introduced support for 
set-associative caching) 

The LEON core will be clocked using the system clock, pclk^ and reset using the prst^n^^ectionflj signal. 
The ICU will assert all the hardware interrupts using the protocol described in section 1 1.9. The particular 
types of SRAMs (for LEON caches) and register files used will be determined during the implementation 
phase. The LEON hardware multipliers are notexpected to be required. Furthermore it is anticipated that 
SoPEC will use the recommended 8 register window configuration 

Further details of the SPARC V8 instruction set and the LEON processor can be found in (32] and [33] 
respectively. 

1 1 .6 Memory Management Unit (MMU) 

Memory Management Units are typically used to protect certain regions of memory from invalid accesses, 
to perform address translation for a virtual memory system and to maintain memory page status (swapped- 
in, swapped-out or unmapped) 

The SoPEC MMU is a much simpler affairwhose function is to ensure that all regions of the SoPEC mem- 
ory map are adequately protected. The MMU does not support virtual memory and physical addresses are 
used at all times - the one exception to this iis the address translation of the reset vector. The SoPEC MMU 
supports a fiill 32-bit address space. A proposed memory map is shown in Figure 18 below. 

The MMU selects the relevant bus protocol and generate the appropriate control signals depending on the 
area of memory being accessed. The MMU is responsible for performing the address decode and genera- 
tion of the appropriate block select signal as well as the selection of the correct block read bus during a 
read access. The MMU will need to si^port all of the bus transactions the CPU can produce including 
interrupt acknowledge cycles, aborted transactions etc. 

When an MMU error occurs (such as an attempt to access a- si^enrisor mode only region when in user 
mode) a bus error is generated. While the LEON can recognise different types of bus error (e.g. data store 
error, instruction access error) it appears to handle them in the same maimer as it handles all traps i.e it will 
transfer control to a trap handler. No extra state information appears to be stored because of the nature of 
the trap.The location of the trap handier is contained in the TBR (Trap Base Register). This is the same 
mechanism as is used to handle interrupts. Further investigation is needed to determine exactly how LEON 
behaves when a bus error type trap occurs to determine the best approach to handling bus errors. It may be 
simplest to just treat them as the highest priority interrupt 
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Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



Accesses In this 
area are via the 
CPU bus and are 
controlled by 
permissions set in ' 
each peripheral. 



Accesses in this 
area are via the 
Dili bus and are 
controlled by 
permissions set in \ 
the MMU. 




OxFFFF_FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x002A-C000 
Ox002A_0000 
0x0029^0000 
0x0028_0000 




ORAM 
Regions 



0x0000^0000 



Figure 18. Proposed SoPEC CPU memory map (not to scale) 

11.6.1 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 16 below. The MMU 
performs the decode of the high order bits to generate the relevant cpujblock^select signal. Apart from the 
PCU, which decodes the address ^ace for the PEP blocks, each block only needs to decode as many bits 
of cpu_€sdr[1 1:2] as required to address all the registets within the block. 



Table 16. CPU-bus peripherals address niap 





\mmmmmmm 


MMU^base 


0x0029_0000 


TiM_base 


0x0029_1000 


LSS_base 


0x0029.2000 


GP(0_t)ase 


0x0029.3000 


SCB_base 


0x0029.4000 


ICU.t>a$e 


0x0029.5000 


CPR_base 


0x0029.6000 


ROM.base 


0x0029.7000 


DIU.base 


0x0029.8000 


PSS.base 


0x0029.9000 
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Table 16. CPU-bus peripherals address map 







Reserved 


0x0029 J^OOO to 0xO029_FFFF 


PCU.base 


OxO02AJ0O0O 



11.6.2 DRAM Region Mapping 

The embedded DRAM is broken into 8 regions, with each region defined by a lower and upper bound 
address and with its own access pemtissions. 

The association of an area in the DRAM address space with a MMU region is completely under software 
control. Table 17 below gives one possible region mapping. Regions should be defined according to their 
access requirements and position in memory. Regions that share the same access requirements and that aie 
contiguous in memory may be combined into a single region. The example below is purely for indicative 
purposes - real mappings are likely to differ significantly from this. Note that the RegionBottom and Regi- 
onTop fields in this example are byte aligned and would need to be right-shifted by 5 places to obtain the 
256-bit aligned value used to program the RegionNTop and RegionNBottom registers, or more details, see 
11.6.5.1 and 11.6.5.2. 



Table 17. Example region mapping 











0 


0x0000.0000 


OxOOOO.OFFF 


SiJverbrook OS (supervisor) data 


1 


0x0000.1000 


0x0000 JFFF 


Silveftofook OS (supervisor) code 


2 


OxOOOO.COOO 


OXO0O0.C3FF 


SttvsrbrDok (supervisorAiser) data 


3 


OX0O0O.C4O0 


OxOOOO.CFFF 


Sitverbrook (supervisoiAjser) code 


4 


0x0026.0000 


OxO026.D3FF 


OEM (user) data 


5 


0x0026^0400 


0X0026.DFFF 


OEM (user) code 


6 


OxOO27_E000 


0x0027.FFFF 


Shared Silvert^rook/OEM space 


7 


0x0000.0000 


OX0026.CFFF 


Compressed page store (supervisor data) 



11.6.3 Non-DRAiVI regions 

As shown in Figure 18 the DRAM occupies only 2.5 MBytes of the total 4 GB SoPEC address space. The 
non-DRAM regions of SoPEC are handled by the MMU as follows: 

ROM (0x0028_.0000 to OxOOlS.FFFF): The ROM block will control the access types aUowed. The 
cpuj2code[l:0] signals will indicate the CPU mode and access type and the ROM block will assert 
rom^cpujberr if an attempted access is forbidden. The protocol is described in more detail in section 
1 1.4.3. The ROM block access permissions are hard wired to allow all read accesses except to the Ftise- 
ChipID registers which may only be read in supervisor mode. 

MMU Internal Registers (0x0029.0000 to Ox0029_OFFF): The MMU is responsible for controlling the 
accesses to its own internal registers and will only allow data reads and writes (no instruction fetches) 
fix)m supervisor data space. All other accesses wiU result in the mmu_cpu_berr signal being asserted in 
accordance with the C^U native bus protocol. 

CPU Subsystem Peripheral Registers (0x0029.1000 to 0x0029.FFFF): Each peripheral block will 
control the access types allowed. Every peripheral will allow supervisor data accesses (both read and 
write) and some blocks (e.g. Timers and GPIO) will also allow user data space accesses as outlined in the 
relevant chapters of this specification. Neither supervisor nor user instruction fetch accesses are allowed to 
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any block as it is not possible to execute code from peripheral registers. The bus protocol is described in 
section 11.4.3. 

I PCU Mapped Registers (0x002A.000O to Ox002A JFFF): All of the PEP blocks registers which are 

accessed by the CPU via the PCU will inherit the access permissions of the PCU. These access permis- 
sions are hard wired to allow supervisor data accesses only and the protocol used is the same as for the 
CPU peripherals. 

I Unused address space (0x002 A^COOO to OxFFFF^FFFF): Al! accesses to the unused portion of the 

address space will result in the mmu^cpujberr signal being asserted in accordance with the CPU ixative 
bus protocol. These accesses will not propagate outside of the MMU i.e. no external access will be initi- 
ated 

I1 1 .6.4 Reset exception vector and reference zero traps 
When a reset occurs the LEON processor starts executing code from address OxOOOO_0000. On SoPEC the 
embedded DRAM occupies this area of the address map. As the DRAM contents are undefined when the 
processor comes out of reset (this is certainly the case with a power-on and most other resets that can occur 
on SoPEC) the MMU will need to redirect accesses from OxOOOOjOOOO through axO000_00?? (the mini- 
mum amount of redirection is currently TBD but is likely to be at least 16 bytes) to the bottom of the ROM 
i.e. to 0x0028.0000 through 0x0028_00??. 

A conmion software bug is zero-referencing or null pointer de-referencing (where the program attempts to 
access the contents of address 0x0000.0000). To assist software debug the MMU will assert a bus error 
every time the reset locations are accessed after the reset trap handler has legitimately been retrieved 
immediately after reset. If desired this condition could be result in a unique trap (e.g. a watchpoint 
detected trap) 

1 1.6«5 MMU Configuration Registers 

These are the only configuration registers in the CPU block. Note that all the MMU configuration registers 
may only be accessed when the CPU is rurming in supervisor mode. 



Table 18. MMU Configuration Registers 



^^^^ 








0x00 


ReglonOBottom 


17 


0x0.0000 


This register contains the physical address that 
marks the bottom of region 0 


0x04 


RegfonOTop 


17 


OxFJFFFF 


This register contains the physical address that 
marks the top of region 0. Region 0 covers the 
entire address space after reset whereas all 
other regions are zero-sized initially 


0x08 


Region 1 Bottom 


17 


Ox0_0000 


This register contains the physk^l address that 
marks the bottom of region 1 


OxOC 


Region ITop 


17 


0x0^0000 


This register contains the physical address that 
marks tfie top of region 1 


0x10 


Regron2Bottom 


17 


0x0.0000 


This register contalr^s the physical address that 
marks ttie tx>ttom of region 2 


0X14 


ReglondTop 


17 


OxOjOOOO 


This register contains the physical address that 
marks the top of regk>n 2 


0x18 


Re^onSBottom 


17 


OxO_0000 


This register contains the physical address tfiat 
marks the bottom of region 3 


0x1 C 


RdgionSTop 


17 


0x0.0000 


This register contains the physical address that 
marks the top of region 3 
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Table 18. MMU Configuration Registers 





m 






0x20 


R0Qion4Bottom 




0x0 0000 


This fegister contains th6 physic&l dddross th&t 
marks the bottoin of region 4 


0x24 


Region4Top 


17 


0x0^0000 


This register contains the physical address that 
marks the top of region 4 


0x28 


Region5Bottom 


17 


0x0_0000 


This register contains the physical address that 
marks the t>ottom of region 5 


0x2C 


RegionSTop 


17 


0x0_0000 


This register contains the physical address that 
niarks the top of region 5 


0x30 


R6g]on6Bottofn 


17 


0x0 0000 


This reaister contains the ohvsical address that 
marks the t)ottom of regk»n 6 


0x34 


Region6Top 


17 


OXOJOOOO 


This register contains the physical address that 
marks the top of region 6 


0x38 




1 / 




marks the bottom of region 7 


Ox3C 


RegionTTop 


17 


0x0.0000 


This register contains the physical address that 
marks the top of region 7 


0x40 


RegionOControl 


6 


0x07 


Control register for region 0 


0x44 


Region IContrd 


6 


0x07 


Control register for region 1 


0x48 


Region2Contro1 


6 


0x07 


Control register for region 2 


0x4C 


RegionSControl 


6 


0x07 


Control register for region 3 


0x50 


Region4Controf 


6 


0x07 


Control register for region 4 


0x54 


RegfonSControl 


6 


0x07 


Control register for region 5 


0X58 


RegioneControl 


6 


0x07 


Control register for region 6 


OxSC 


Reg1on7Ccntroi 


6 


0x07 


Control register for re^n 7 


0x60 


BusTImeout 


16 


OxOOPF 


This register should be set to the number of pdk 
cycles to wait before aborting an access with a 
tnjs error. 


0x64 


DebugSelect 


7 


0x00 


Contains address of the register selected for 
detMig observatfon. It is expected that a numt>er 
of pseudo-registers wiR be made available for 
debug observation and these will be outlined 
during the Imptementation phase. 



ii. 6,5,1 RegionTop and RegionBottom registers 

The 20 Mbit of embedded DRAM on SoPEC is arranged as 81920 words of 256 bits each. All region 
boundaries need to align with a 256-bit word Thus only 17 bits are required for the RegionNTop and 
RegionNBottom registers. The byte address of these locations can be obtained by simply left-shifting the 
register value by 5 bits i.e. cpu_€uirpl:OJ « RegionNTop/Bottom[I6:0] « 5. 

Both the RegionNTop and RegionNBottom registers are inclusive i.e. the addresses in the registers are 
included in the region. The size of smallest active region is therefore 2 256-bit words i.e. 64 bytes. 

If DRAM regions overlap (there is no reason for this to be the case but there is nothing to prohibit it either) 
then only accesses allowed by all overlapping regions are permitted. That is if a DRAM address appears in 
both Regionl and Regions (for example) the cpujacode of an access is checked against the access pennis- 
sions of both regions. If both regions permit the access then it will proceed but if either or both regions do 
' not permit the access then it will not be allowed. 
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The MMU does not si^jport negatively sized regions i.e. the value of the RegionNTop register should 
always be greater that the value of the RegionNBottom register li RegionNTop is lower in the address map 
than RegionNTop then the region is considered to be zero-sized and is ignored. 

When both the RegionNTop and RegionNBottom registers for a region contain the same value the region is 
then simply one 256-bit word in length and this corresponds to the smallest possible active region. 

ft. 6.5.2 Region Control registers 

Each memory region has a control register associated with it. The RegionNControl register is used to set 
the access conditions for the memory region bounded by the RegionNTop and RegionNBottom registers. 
Table 19 describes the function of each bit field in the RegionNControl registers. All bits in a RegionNCon- 
trol register arc both readable and writable by design. However. like all registers in the MMU, the 
R^^nNControl registers can only be accessed by code running in supervisor mode. 



Table 19. Region Control Register 







SupervlsorAccess 




Denotes the type of access allowed when the CPU is n;nning in 
Supervisor mode. For each access type a 1 indicates the access is 
permitted and a 0 indicates the access is not permitted. 
bitO * Data read access permission 
biti • Data write access permission 
bit2 ' Instruction fetch access permission 


UserAccess 


5:3 


Denotes the type of access allowed when the CPU is running in 
User mode. For each access type a 1 Indicates the access Is per- 
mitted and a 0 indicates the access is not permitted. 
bii3 * Data read access permission 
bit4 - Data write access permission 
bHS < Instruction fetch access penryssion 



Status Register 

The SPARC V8 architecture allows for a number of types of memory access eiror to be trapped. These trap 
types and trap handling in general are described in chapter 7 of the SPARC architecture manual [32]. 
According to the SPARC architecture manual the processor will automatically move to the next register 
window (Le. it decrements the current window pointer) and copies the program counters (PC and nPC) to 
two local registers in the new window. The supervisor bit in die PSR is also set and the PSR can be saved 
to another local register by the trap handler (this does not happen automatically in hardware). 

At the time of writing it is not clear whether the LEON core can easily accept memory access error trap 
types (i.e. the 8-bit tt field of the Trap Base register). Further investigation is needed to determine it this is 
possible and if existing trap types will cover the different types of bus error possible on SoPEC. Up to 32 
implementation specific trap types are allowed so conditions unique to SoPEC can be handled in this man- 
ner. 

If it is not possible for sufficient information about the cause of the bus error to be passed to the LEON 
core using die above mechanisms then a status register will be implemented to record the relevant infonna- 
txon. 

1 1 .6.6 MMU Sub-block partition 

As can be seen from Figure 19 and Figmre 20 the MMU consists of five principal sub-blocks. For clarity 
the connections between these sub-blocks and other SoPEC blocks and between each of the sub-blocks are 
shown in two separate diagrams. 
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Figure 19. MMU Sub-block partition, external signal view 
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Figure 20. MMU Sub-block partition, internal signal view 



11.6.6.1 LEON Bridge 



At the time of writing it is expected that the LEON core will be used with its AHB interface rather than be 
modified to comply with the protocols used on SoPEC, in particular the DIU protocol for DRAM access* 
The LEON bridge consists of an AHB bridge and some glue logic. The AHB bridge will convert between 
the AHB and the DIU and CPU subsystem bus protocob. The AHB bridge wOl always be a slave on the 
AHB. Glue logic will be required to assist with endianness coherency, inteirupts and other miscellaneous 
signalling. 

Table 20. LEON bridge l/Os 



Global SoPEC signals 



prsUn 


1 


tn 


Global reset Synchronous to pcfk, active low. 


pcik 


1 


In 


Global dock 


LEON Bridge to AHB signals 


haddr(31:0] 


32 


In 


AHB address bus 


hwdala(31.^] 


32 


In 


AHB write data bus 


hrdata[31:C] 


32 


Out 


AHB read data bus 


hsel 


1 


In 


AHB slave select signal 
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Tabfe 20. LEON bridge l/Os 









hwrite 


1 


In 


AHB write signal: 
1 - Write access 
0 • Read access 


htrans 


2 


In 


Indicates the type of the current transfer: 
00 -IDLE 
01 - BUSY 

10- NONSEQ 

11- SEQ 


hsize 


3 


In 


Indicates the size of the current transfer: 

000 - Byte transfer 

001 - HaJfword transfer 

010 - Word transfer 

01 1 • 64-bit transfer (unsupported?) 
Ixx - Unsupported larger wordslzes 


hburst 


3 


In 


Indicates If the cucrent bansfer forms part of a burat and the type of 
burst 

000 * SINGLE 

001 - INCR 

010 - WnAP4 

011 -INCR4 
too -WRAPS 
101 - INCR8 
110-WRAP16 
111 -1ISICR16 


hprot 


4 


In 


Protection control signals pertaining to the current access: 
hprot{0] • Opcode(O) / Oata(1) access 
hpPot[1 J • User(0) / Supervisor access 

hprot[2] - Non-bufferable(0) /Bufferak)le(l) access (unsupported) 
hprot[3i - Non-cacheable(O) /Cacheable access 


hmaster 


4 


In 


Indicates the Identity of the current bus master. This will always be 
the LEON core. 


hmastlock 


1 


In 


Indicates that the current master is performing a locked sequence 
of transfers. 


hready 


1 


Out 


Active high ready signal Indicating the access has completed 


hresp 


2 


Out 


Indicates the status of the transfer: 
00 -OKAY 
01 - ERROR 
10 -RETRY 
1 1 - SPLIT 


hsptit 


16 


Out 


This l&-bit split tnjs Is used by a stave to indicate to the aibiter 
wtiich bus masters should be allowed attempt a split transaction. 
This feature wiD be unsupported on the AHB bridge 


Toplevel/ Common LEON bridge signals 


cpu_dataout{31 K)] 


32 


Out 


Data out bus to both DRAM and peripheral devices. 


cpu_fwn 


1 


Out 


Read/NotWrite signal. 1 - Current access Is a read access, 0 « 
Current access is a write access 


Icu_cpu_nevel[3:0) 


4 


In 


An interrupt Is asserted by driving the appropriate priority level on 
kxucpujtevol. These signals must renuin asserted until the CPU 
executes an interrupt acknowledge cycle. 


cpu.ccujleve([3:0) 


4 


In 


Indicates the level of the interrupt the CPU is acknowledging when 
cpujackls high 
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Tabfe 20. LEON bridge l/Os 







m3 




cpu.iack 


1 


Out 


Interrupt acknowledge signaJ. The exact timing depends on the 
CPU core imptementaUon 


cpu_start.aGcess 


1 


Out 


Start Access signal indicating the start of a data transfer and that 
the cpu_adn cpu_tlataout, cpu^rwn and qpuLacodis signals are all 
valid. This signal is only asserted during the first cyde of an access. 


cpu_b€n[1 rO] 


2 


Out 


Byte enable signals. 


LEON core to LEON bridge signals 


luUrt 


4 


Out 


Interrupt level request to the L£ON Integer Unit 


iuo.irl 


4 


in 


Acknowledged interrupt level from the LEON Integer Unit 


hicrntack 


1 


In 


Intemjpt acknowledge signal from the LEON Integer Unit 


LEON bridge to MMU Contror Block signals 


cpu_iTimu__adr 


32 


Out 


CPU Address Bus. 


mmu.cpu.data 


32 


In 


Data bus from the MMU 


fnmu_cpu_rdy 


1 


In 


Ready signal from the MMU 


cpu_mmu_acode 


2 


Out 


Access code signals to the MMU 


mnuj_cpu_berr 


1 


In 


Bus error signal from the MMU 



Description: 

The LEON bridge must ensure that all CPU bus and interrupt transactions are functionally correct and that 
die ttming requirements are met This sub-block is also responsible for ensuring endianness coherency i,e, 
guaranteeing that the correct data appears in the correct position on the data buses {hrdata, cpu^dataout 
and mmu_cpu_data) for every type of access. TTiis is a requirement because the LEON uses big-endian 
addressing while the rest of SoPEC is little-endian. 

It is expected that some signals (especially those external to the CPU block) will need to be registered here 
to meet the timing requirements. Carefiil thought will be required to ensure that overall CPU access times 
arc not excessively degraded by the use of too many register stages. 



11.6.6,2 DIU Bus Interface 

The DFU bus interface will handle all valid accesses to the embedded DRAM via the DIU. The DIU bus 
interface ensures that the access conforms to the DIU bus protocol while the DIU manages the arbitration 
and data alignment. 



Table 21. OIU Bus Internee i/Os 







IfSPS 




Global SoPEC signals 


prst.n 


1 


In 


Glot>at reset. Synchronous to pcffc, active tow. 


pdk 


1 


In 


Global dock 


Toplevel/Common DIU Bus Interface signals 


dram_cpu_data[255.-0} 


256 


In 


Read data from the DRAM. 


cpu_diu_rreq 


1 


Out 


Read request to the DIU DRAM 


dlu_cpu_raclC 


1 


In 


Acknowledge from OIU that read request has been accepted. 


diu_cpu_fvaUd 


1 


In 


Signal from DIU Indicating that valid read data is on the 
dram_cpu^data bus 


cpu_diu_wreq 


1 


Out 


Write request to tiie DIU 
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Tabre 21. OIU Bus Interface l/Os 





m0 






d?u.cpu_wack 


1 


rn 


Acknowledge from the DIU that the write request has been 


cpu_diu_wvalid 


1 


Out 


Signal from the CPU to the DIU indicating that the data currently on 
the cpu^dataout bus is valid 


cpu_diu_wmask[1 :0] 


2 


Out 


Flag indicating format of CPU write to DRAM. These signals are 

directly derived from the cpujben signals 

cpvjdiu_wmask = 00: 8-bit write 

cpv_,diu^wmask = 01:1 6-bit write 

cpu^diu^wmask = 10: 32-bit write 

cpuj3iu_wmask =11: reserved 

cpu_adr{2:0] are driven in accordance with the width of the data 
access indicated by cpujdiu^wmask. Addresses cannot cross a 
256-brt word DRAM boundary. 


dranri_rdy 


1 


Out 


Data Ready signal. Indicates the data on the tiram_cpujclata bus Is 
valid for a read cyde or that the data was successfully dispatched 
to the DtU for a write cyde. 


DIU Bus Interface to MMU Control Block signals 


cpu_adrt21:0] 


22 


In 


Topievel CPU Address bus. 


dram_data(31:0J 


32 


Out 


Data bus containing the 32 bits addressed by €pu^adtt4:2]Uom the 
256-bft DRAM read bus dramjcpujdata 


dram^aocess^en 


1 


In 


Enable Access signal. A ORAM access cannot be initiated unless it 
has been enabled by the MMU Control Unit 


DIU Bus Interface to ICache signals 


ic_cach6_hlt 


1 


In 


Cache hit signal from the ICache. This indicates tfiat the current 
CPU read request is being serviced by tiie ICache and so should 
not be retrieved from tiie DRAM. 


DIU Bus Interface to L£ON bridge signals 


cpu.ben[1:0] 


2 


In 


Byte enable signals from the LEON bridge. These are forwarded on 
to the DIU as the cpt/_c//u_ivmas/c signals 


cpu.start_access 


1 


In 


Start Access signal from the L£ON bridge indicating the start of a 
data transfer and that the cpu^adr, cpujdataouU cpu_rvm and 
cpujacode signals are all valid. This signal is only asserted during 
the first cyde of an access. 



Description: 

The DIU Bus Interface handles all data transfers between the CPU (or ICache) and the DIU. This involves 
translating between the different protocols used on the DIU and CPU buses. The validity (i.e. is the CPU 
running in the correct mode for the address space being accessed) of an access is determined by the MMU 
Control Block which also checks that a DRAM access does not cross a 256-bit boundary (as required by 
the DIU) and the dram^accessjan is asserted if it is a valid access. Invalid accesses do not initiate DRAM 
accesses. The operation of the DIU Bus Interface is described by the state machine shown in Figure 2 1 and 
the DIU bus protocol is described in more detail in section 20.9. The DIU will return a 256-bit dataword 
on dram_cpu_data [255:0] for every read access. The DIU Bus Interface must select the appropriate 32-bit 
word from this according to the word address given by cpujadr[4:2]. 



Doc: SoPEC_hardware_clesign 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 83 



SoPEC : Hardware Design 



Pfst n»=°0 

cpu_diu_rreq « 0 
cpu_diu_wreq = 0 
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df am_fdy « 0 
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drBm_rdy a o 



f R-cad Access\ 
^Tg ^ Complete^ 
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Figure 21. DIU Bus Interface state machine 



1i. 6. 6. 3 CPU Subsystem Bus interface 

The CPU Subsystem Interface block handles all valid accesses to the peripheral blocks that comprise the 
CPU Subsystem. 



Table 22. CPU Subsystem Bus Interface l/Os 





i@ 


EMM 




Global SoPEC signals 


prst_n 


1 


In 


Global reset. Synchronous to pc//r. active tow. 


pclk 


1 


In 


Global dock 


Toplevet/Common CPU Subsystem Bus Interface signals 


cpu_cpr»sel 


1 


Out 


CPR Mock select 


cpu_gpio_sel 


1 


Out 


GPIO block select. 


q3u_tcu_se! 


1 


Out 


iCU block select. 


cpujss^sel 


1 


Out 


LSS block select. 


cpu_pcu_sel 


1 


Out 


PCU block select. 
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Table 22. CPU Subsystem Bus Interface l/Os 









cpii_scb.sel 




Out 


SCB block select. 


CpU_tIlTI_S0l 




Out 


Timers block select. 


cpu_rom_sel 




Out 


ROM block select. 


cpuj)ss_sel 




Out 


PSS block select. 


cpu_diu_sel 




Out 


DIU block select 


^r_vpiJ_aaIaiol .UJ 


92 


In 


Read data bus from the CPR block 


9p1o_cpu_data[31 :0) 


32 


<n 


Read data bus from the GPIO block 


JCU_cpu_<]ata{3i :0J 


32 


In 


Read data bus from the iCU bk>ck 


Is8.cpu_data[31 :0] 


32 


In 


Read data bus from the L^S block 


pcu__cpu_data{31 :0J 


32 


in 


Read data bus from the PCU bk>ck 


scb_q3u_data[3l :0} 


32 


In 


Read data bus from the SCB block 


tim_cpu_data[31 :0] 


32 


In 


Read data bus from the Timers block 


rom_cpu_dala[31 :0) 


32 


in 


Read data bus from the ROM block 


pss_cpu_data{31 :a) 


32 


In 


Read data bus from the PSS block 


dtu_cpu_c(ata[31:0] 


32 


In 


Read data bus from ft\e DiU block 


cpr_cpu_fdy 


1 


In 


Ready signal to the CPU. When cpr_cpu_rdy\s high it indicates the 
last cycle of the access. For a write cyde this means cpujdataout 
has t>een registered bv the CPR Uock and for a read rvrfa thie 
means the data on cpr_cpu^data is valid. 


gpio.cpu.rdy 




in 


GPIO ready signal to the CPU. 


Jcu_cpu_rdy 




In 


ICtJ ready signal to the CPU. 


lss.cpu_fdy 




In 


LSS ready signal to the CPU. 


pcu_cpu_rdy 




in 


PCU ready signal to the CPU. 


scb_cpu_rdy 




In 


SCB ready signal to the CPU. 


tirn_cpu_rdy 




In 


Timers block ready signal to the CPU. 


rom_cpu_rdy 




In 


ROM bk>ck ready signal to the CPU. 


pss_cpu_rdy 




In 


PSS block ready signal to the CPU. 


dtu_cpu_rdy 




In 


DIU register btock ready signal to the CPU. 


cpf_cpu_berr 




in 


Bus Error signal from the CPR block 


Qplo_cpu_berr 




In 


Bus Error signal from the GPIO block 


teU-jCpu_b€iT 




In 


Bus Error signal from the IQU block 


!ss_cpu_berT 




in 


Bus Error signal from the LSS block 


PCU-cpu_berr 




In 


Bus Error signal from the PCU block 


scb_cpu_borr 




In 


Bus Error signal from the SCB block 


tim^cpu.berr 




in 


Bus Error signal from the Timers block 


rom_cpu_berr 




In 


Bus Error signal from the ROM block 


pss_cpu_berr 




In 


Bus Error signal from the PSS block 


diu_cpu_berr 




In 


Bus Error signal from the DIU Wock 


CPU Subsystem Bus Interface to MMU Control Block signals 


cpu_adrt19;12J 


e 


In 


Topfevel CPU Address bus. Only bits 19-12 are required to decode 
the peripherals address space 


peri^access.en 


1 


In 


Enable Access signal. A peripheral access cannot be initiated 
unless It has been enabled by the MMU Control Unit 
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Table 22. CPU Subsystem Bus Interface VOs 











peri_mmu_data[31 .-0] 


32 


Out 


Data bus from the selected peripheral 


peri_mmu_rdy 


1 


Out 


Data Ready stQnaf. Indicates the data on the peri^mnwjdata bus is 
valid for a read cyde or that the data was successfuliy written to the 

peripherai for a write cycfe. 


perl_mmu_befr 


1 


Out 


Bus Error signal, indicates a bus error has occurred in accessing 
the selected peripheral 


CPU Subsystem Bus Interface to LEON bridge signers 


cpu_start.access 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu^adr, cpu^dataout, cpu^ivm and 
cpu_aco<Se signals are all valid. This signal Is only asserted during 
the first cycle of an access. 



Description: 

The CPU Subsystem Bus Interface block performs simple address decoding to select a peripheral and mul- 
tiplexing of the returned signals from the various peripheral blocks. The base addresses used for the 
decode operation are defined in Table 16. Note that access to the MMU configuration registeis are handled 
by the MMU Control Block rather than the CPU Subsystem Bus Interface block. The CPU Subsystem Bus 
Interface block operation is described by the following pseudocode: 

inask©dL.cpu_adr = cpu,adrI19 : 12J 
case (inasked_cpu.adr} 
when TIM_basetl9:121 

cpu_tiflusel = peri_access_Gn // The peri_access_en signal will have the 

peri_;nmu_data = tijn»cpu_data // timing required for block selects 

peri.jiBnu„rdty » tin^_cpu_rdy 

perijnmu_borr = tinv_cpu_berr 

**^^-Other_selects = 0 // Shorthand to ensure other cpu_block_sel signals 

// remain deasserted 

when LSS.baseCl9:12) 

cpu_lss_sel « peri_access_en 

perijianu_data = Iss_cpu_data 

peri_imnu_rdy a lss_cpu_rdy 

peri_imiu_berr = lss_cpu_berr 

all_other_selects = 0 
when GPIO_base[19:12) 

cpu^gpio^sel = peri_access_en 

peri,jnmu_data « gpio^cpu^data 

peri_pninu_rdy = gpio_cpu_rdy 

peri,jnrou_berr = gpio_cpu_berr 

all_other_selects = 0 
when SCB_base(19 :12] 

cpu_scb_sel = peri_access_en 

peri_^mmu_data = scb_cpu_data 

peri_pTOu_rdy = scb_cpu_rdy 

peri,^u_berr = 6cb_cpu_berr 

all_cther_selects = 0 
when IC:u_base[19:12) 

cpu__icu_sel ~ peri_access_en 

peri.jnmu_data = icu_cpu_data 

peri_;nmu_rdy = icu_cpu^rdy 

peri_;ranu_berr = icu_cpu_berr 

all__other_selects o 
when CPR_baseI19:12J 

cpu_cpr_sel = peri_access_en 

peri_inmu_data = cpr„cpu_data 
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peri__ininu_rdy = cpr_cpu_rdy 
peri_inmu_b€rr = cpr_cpu_berr 
all_oth©r_selects » 0 

when ROM_base[19:12] 

cpu_roiii_6el = peri_access„en 
peri_pnau_data = roiA_cpu_data 
peri_iamu_rdy = ronv_cpu_rdy 
peri_inmu_berr = ron\_cpuJberr 
all_other_selects = 0 

when PSS.base [19:12] 

cpu_pss_sel = peri_access_en 
peri_inmu__data = pss_cpu_<iata 
peri^prmu^rdy = pss_cpu_rdy 
peri_pTinu_berr = pss^cpu^err 
all_other_selects « 0 

when DIU_base(19:12] 

cpu_diu_sel s peri„access_en 
peri_pnmu_dato = diu_cpu_data 
peri_mmu_rdy = diu_cpu^rdy 
peri_jnmu_berr = diu_cpu_berc 
all^other_selects 0 

when PCU_basetl9:12) 

cpu_diu_sel = peri_access_en 
peri_rnmu_dat:a = pcu_cpu_data 
peri^iiiinu_rdy s pcu_cpu_rdy 
peri_ninu_b€rr = pcu_cpu_berr 
all_other_select8 = 0 

when others 

all_block_selects = 0 
peri.jnmu_data = OxOOOOOOOO 
peri_inmu_rdy = 0 
peri_^nmu_berr = 1 

end case 



11.6.6.4 MMU Control Block 



The MMU Control Block determines whether every CPU access is a valid access. No more than one cycle 
is to be consumed in determining the validity of an access and all accesses must terminate with the asser- 
tion of either mmu_cpu_rdy or mmu_cpujberr. To safeguard against stalling the CPU a simple bus timeout 
mechanism will be supported. 



Table 23. MMU Control Block l/Os 









Global SoPEC signals 


prst_n 


1 


tn 


Global reset Synchronous to pdK active km. 


pdk 


1 


In 


Globai dock 


Toplevel/Common MMU Control Block signals 


cpu_adrt21:0] 


22 


Out 


Address bus for t>oth DRAM and peripherai access. 


cpu_acode{1 :0) 


2 


Out 


CPU access code signals (qpu^mmu-acode) retimed to nieet the 
CPU Subsystem Bus timing requirements 


dram.access.en 


1 


Out 


ORAM Access Enable signal. Indicates that the current CPU 
access is a valid DRAM access. 


MMU Control Block to LEON bridge signals 
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Table 23. MMU Control Block VOs 







mm 




cpu_mmu_adrl31 :0) 


32 


In 


CPU core address bus. 


cpu.dataout(d1:0] 


32 


In 


Toplevel CPU data bus 


mmu.cpu_data{31 :0) 


32 


Out 


Data bus to the CPU core. Carries the data for all CPU read opera* 
ttons 


cpu.rwn 


1 


In 


Toplevel CPU Read/notWrlte signal. 


cpu_inmu_acode{1 :0j 


2 


In 


CPU access code signals 


fnmu_cpu_fdy 


1 


Out 


Ready signal to the CPU core. Indicates the completion of all valid 

CPU accesses. 


mmu.cpu.berr 


1 


Out 


Bus Error signal to the CPU core. This signal Es asserted to termi- 
nate an invaiki access. 


cpu_start_access 


1 


In 


Start Access signal from the LEON bridge Indicating the start of a 
data transfer and that the cpu^adr, cpu_dataout, cpu_rwn and 
cpu^acode signals are all valki. This signal is only asserted during 
the first cyde of an access. 


cpujack 


1 


In 


Interrupt Acknowledge signal from the CPU. This signal Is only 
asserted during an interrupt acknowledge cycle. 


cpu_ben[1 :0] 


2 


In 


Byte enable signals indicating which bytes of the 32-bit bus are 
being accessed. 


MMU Control Block to oru Bus Interface signals 


dram_rdy 


1 


In 


Data Ready signal. Indk^tes the data on the </fam_cpu^€/ata bus is 
valid for a read cycle or that the data was successfully dispatched 
to the OIU for a write cyde. 


MMU Control Block to ICache signals 


ic_data(31:0) 


32 


In 


Data bus from the ICache 


ic_rdy 


1 


In 


Ready signal from the ICache indicating the data on iQ_<fsita is valid 


MMU Control Block to CPU Subsystem Bus Interface signals 


peri_access_en 


1 


Out 


Enable Access signal. A peripheral access cannot be initiated 
unless rt has been enabled by the MMU Control Unit 


perLmrruj_data(31 rOJ 


32 


In 


Data t>u3 from the selected F>eripheral 


peri_nimu_fdy 


1 


In 


Data Ready signal Indicates the data on the pBri_mmu_data bus Is 
valid for a read cycle or that the data was successfully written to the 
peripheral tor a write cyde. 


peri_rnmu_l)err 


1 


In 


Bus Error signal. Indicates a bus error has occurred In accessing 
the selected peripheral 



Description: 

The MMU Coatrol Block is responsible for the MMU's core functionality, namely determining whether or 
not an access to any part of the address map is valid. An access is considered valid if it is to a mapped area 
of the address space and if the CPU is running in the appropriate mode for that address space. Furthermore 
the MMU control block must correctly handle the special cases that are: an interrupt acknowledge cycle, a 
reset exception vector fetch, an access that crosses a 256-bit DRAM word boundary and a bus timeout 
condition. The following pseudocode shows the logic required to implement the MMU Control Block 
functionality. It does not deal with the timing relationships of the various signals - it is the designer's 
responsibility to ensure that these relationships are correct and comply with the different bus protocols. 
For simplicity the pseudocode is split up into numbered sections so that the functionality may be seen 
more easily. 
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PSO Description: This first segment of code defines a number of constants and variables that are used 
elsewhere in this description. Most signals have been defined in the I/O descriptions of the MMU sub- 
blocks that precede this section of the document. The post_resetjstate variable is used later (in section 
FS4) to determine if we should translate the reset exception vector address or tr^ a null pointer access. 

PSO: 

const UnusedBottotn - 0x002AC000 
const ORAMTop = Ox0027FFFF 
const UserOataSpace => bOX 
const UserPrograxnSpace ^ bOO 
const SuperviaorDataSpace s bll 
const Supervisor ProgramSpace = blO 

const tlxDeout.limit = 0x40 // Need to confirm that this is a suitable value 
const ResetExceptionCycles = 0x8 

cpu_adr_peri.^s]ced(7 :0] = cpu^jmnu^adr [19:12] 
cpu.adr_aran\_;anasked[i6:0] « cpu_^nniu.adr & 0x003FFFE0 

if (prst_n 0) then // initialise everything 
cpu_adr « cpu.jiinKL-&dr(21 : 0] 
peri.access.en = 0 
draiiL.access.en » 0 
innu_cpu_data » peri.;ntnu_data 
Boiu_cpu_rdy » 0 
nnni^cpu^berr = 0 
post.reset_state = TRUE 
access_initiated « FALSE 
cpu_access_cnt = 0 

// The following is used to determine if we are coming out of reset for the purposes of 
// reset exception vector redirection. There may be a convenient signal in the CPU core 
// that we could use instead of this. 

if ( (cpu_start_access i) AND <cpu_access_cnt < ResetExceptionCycles ) AND 
(cloc<.tick == TRUE) ) then 
cpu_access_cnt = cpu^access_cnt +1 
else 

post_x-eset_state = FALSE 

PSl Description: This section is at the top of the hierarchy that detennines the validity of an access. The 
address is tested to see which macro-region (i.e. Unused, CPU Subsystem or DKAM) it falls into or 
whether the reset exception vector is being accessed. 

PSl: 

if <cpu_iTnnu_adr >= UnusedBottom} then 

// The access is to an invalid area of the address space. See section PS2 

els if < {cpu_inmu__adr > DRAKTop) AND (cpu_mmu^adr < UnusedBottom)) then 

// We are in the CPU Subsystem/PEP Subsystem address space. See section PS3 

// Only remaining possibility is an access to DRAM address space 

// First we need to intercept the special case for the reset exception vector 

elsif (cpu_iT«nu_adr < 0x00000010) then 

// The reset exception is being accessed. See section PS4 

elsif < (cpu_adr_drain_inasked >= RegionOBottom) AND ( c pu_a dr _d r ain_ma s ke d <= 
RegionOTop) ) then 
// We are in RegionO. See section P85 

elsif ( <cpu_adr_draiiuina sited >= Reg ionNBot torn) AND (cpu_adr_dran\_inasked <= 
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RegionNTop) } Chen //we are in RegionN 
// Repeat the RegionO (i.e. section PS5) logic for each o£ Regionl to Region? 

else //We could end up here i£ there were gaps in the DRAM regions 

peri_acce8s_en = 0 
drain_acces s_en = 0 

nttnu_cpu_berr = 1 // we have an unknown access error, most likely due to hitting 
nttnu_cpu_rdy =0 //a gap in the DRAM regions 

// Only thing remaining is to implement a bus timeout function. This is done in FS6 

end 

PS2 Description: Accesses to the large unused area of the address space are trapped by this section. No 
bus transactions are initiated and the mmujcpujberr signal Ls asserted. 

PS2: 

els if (cpu_nsnu_adr >= UnusedBottozn) then 

peri^access.en = 0 // The access is to an invalid area of the address space 
drairL_access_en = 0 
fflwu_cpu_berr = 1 
n!niu_cpu_rdy » 0 

PS3 Description: This section deals with accesses to CPU Subsystem peripherals, including the MMU 
itself. If the MMU registers are being accessed then no external bus transactions are required. Access to 
the MMU registers is only pennitted of the CPU is making a data access from supendsor mode, otherwise 
a bus error is asserted and the access terminated. For non-MMU accesses then transactions occur over the 
CPU Subsystem Bus and each peripheral is responsible for determining whether or not the CPU is in the 
correct mode (based on the cpu_acode signals) to be permitted access to its registers. Note that all of the 
PEP registers are accessed via the PCU which is on the CPU Subsystem Bus. 

PS3: 

elsif < (cpu_^u_adr > DRAMTop) AND (cpu_mmu__adr < UnusedBottoxn) ) then 
//We are in the CPU Subsystem/PEP Subsystem address space 

cpu_adr = cpu_mmu_adr [21:0] 

if (cpu_adr_peri_inasked == KMU.base) then // access is to local registers 
peri.access^en « 0 
draxruaccess^en = 0 

if (cpu_acode == SupervisorDataSpace) then 
for (i=0; i<26? i++) { 

if ((i SB cpu.zranu_adr(6: 2] ) then // selects the addressed register 
if (cpu_rwn «= 1) then 

inmu_cpu_data(16:01 = HMUReg[i] // MMURegCi] is one of the 
n«nu_cpu_rdy = 1 // registers in Table 18 

nnn\u_cpu„berr » o 
else // write cycle 

MKUReglil = cpu.dataout 1 16: 0) 
nTmu_cpu_rdy = 1 
nanu^cpu^berr = 0 
else // there is no register mapped to this address 

fnrnu_cpu_berr « 1 // do we really want a bu3_error here as registers 
inmu_cpu_rdy = 0 //. are just mirrored in other blocks 

else // we have an access violation 
• • mrou_cpu„berr ^ i 

niinu_cpu_rdy « o 

else // access is to something else on the CPU Subsystem Bus 
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peri_access_Gn = 1 
dbram_access_en = 0 
inmu_cpu_data = perijnmu_data 
iwnu_cpu_rdy = perijnnni^rdy 
irenu_cpu_berr = peri_fnmu_berr 

PS4 Description: The only correct accesses to the locations beneath 0x00000010 are fetches of the reset 
trap handling routine and these should be the first accesses after reset Here we trap all other accesses to 
these locations regardless of the CPU mode. This most likely cause of such an access will be the use of a 
null pointer in the program executing on the CPU, 

PS4: 

€lsif (cpu_mmu_adr < 0x00000010) then //may need to translate a wider range - depends 
if {post_re9et_state TRUE)) then // on how LEON handles the reset exception. 
cp\JL.adr[21:0] = {R0H_base(21 : 3) , cpu_nnnu_adr [ 2 : 0 J ) 
peri_access_en = 1 
drani_access_en = 0 
nrau_cpu_data = peri_jnmu_data 
inmu_cpu_rdy = peri_ininu_rdy 
ntmu_cpu_berr = peri_inmu_berr 
else //we have a problem (almost certainly a null pointer) 
peri_access_en = 0 
dreuiuaccess_en =0 
nanu_cpu_berr « 1 
mmu_cpu_rdy = 0 



PS5 Description: This large section of pseudocode simply checks whether the access is within the bounds 
of DRAM RegionO and if so whether or not the access is of a type permitted by the RegionOControl regis- 
ter. If the access is permitted then a DRAM access is initiated for all data accesses and for instruction 
fetches that result in a cache miss. All instruction fetches are returned via the ICache interface regardless 
of whether they come from a cache hit or refill from DRAM. If the access is not of a type permitted by the 
RegionOControl register then the access is terminated with a bus error. 

PS5: 

elsif < <cpu_adr_dram_mas)^ed >= RegionOBottom) AND (cpu„adr_draiiumasked <= 
RegionOTop) ) then //we are in RegionO 

//We need to check that the DRAM access does not cross a 2 56 -bit boundary 
// Only 16 or 32-bit CPU accesses are capable of traversing a 256-bit boundary 

if { ( (cpu_mmu_adrC4:0] OxlF) AND (<cpu_ben == bOl) OR (cpu_ben == biO) ) ) 
OR < (cpu_jnmu_adr [4 :0] == OxlE) AND (cpu_ben == blO) ) 
OR ( ( cpu_pnmu_adr 1 4 : 0 ] == OxlD) AND (cpul.ben == blO) ) ) then 

peri_access_en = 0 

dram_access_en = 0 

«nmu_cpu_berr = 1 

treTiu_cpu_rdy = 0 

else // access does not cross 25€-bit boundary so we can proceed 
cpu_adr - cpu_;ninu_adr (21 : 0] 
if (cpu^rwn 1) then 

if < (cpu_acode == SupervisorProgramSpace AND RegionOControl (2] == 1)) 
OR (cpu_acode UserProgramSpace AND RegionOControl { 5] 1)) then 

// this is a valid instruction fetch from RegionO 
peri^access^en = 0 
draxiv_access_en = 1 
iranu_cpu__data = ic_data 
mmu_cpu_rdy = ic_rdy 
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inimi_cpu„berr = 0 

elsif ((cpu^acode SupervisorDataSpace AND RegionOControl (0) == 1\ 
OR (cpu_acode UserDataSpace AND RegionOControl [3} ==1)) then 

// this is a valid read access from RegionO 

peri.access.en = 0 
draxiuaccess.en = 1 

inmu_cpu.data = drair\_data // possibly drc.data if dcache is used 
ninu_cpu_rdy = dranurdy // possibly drc_rdy 
innm_cpu_berr = 0 

else // we have an access violation 

peri_access_en = 0 
draiiL.access_en = 0 
nanu^cpu.^berr = 1 
mmu^cpu^rdy = 0 

©lfi« // it is a write access 

if ( {cpu.acode == SupervisorDataSpace AND RegionOControl [11 1) 

OR <cpu_acode UserDataSpace AND RegionOControl f 4] ==1)) then 

// this is a valid write access to RegionO 

peri_acces8_en = 0 
dranuaccess^en » 1 

nnmi_cpu_rdy = drain_rdy // possibly dwc_rdy if dcache is used 
inmu_cpu_berr = 0 
else //we have an access violation 

peri_access_en » 0 
draitu.access_en = 0 
xninu_cpu__berr = 1 
niniu_cpu_rdy = 0 

PS6 Description: This final section of pseudocode deals with the special case of a bus timeout. This 
occurs when an access has been initiated but has not completed before the timeout Jimit number of pclk 
cycles. While access to both DRAM and CPU/PEP Subsystem registers will take a variable number of 
cycles (due to DRAM traffic, PCU command execution or the different timing required to access registers 
in imported IP) each access should complete before the timeoutjimit occurs. Therefore it should not be 
possible to stall the CPU by locking either the CPU Subsystem or DIU buses. However given the fatal 
effect such a stall would have it is considered prudent to implement bus timeout detection. 

PS6: 

// Only thing remaining is to iznplement a bus timeout function- 

if < (cpu_start_access == 1) then 
access^initiated = TRUE 
timeout_countdown = BusTimeout 

if ( (xnmu_cpu_rdy == 1 > OR <nrou_cpu_berr )) then 

access.initiated = FALSE 
peri_access_en « 0 
dranL_acces s_en = 0 

if (<clock.tick == TRUE) AND (access.initiated == TRUE)) 
if <tiineout_countdown > 0) then 

t imeou t_countdowii- - 
else // timeout has occurred 

peri_access_en » 0 // abort the access 

dran^„access_en e 0 
mmu_cpu_berr . = 1 
mmu_cpu_rdy = 0 
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11.6,6,5 {Cache 



The ICache sub-block implementation is described in section 1 1.7.1.1. 



11.7 



Cache 



The decision on what type of caching solution to use on SoPEC is still open for the moment. There are 
two probable solutions: a) use the LEON caches with a minimal configuration (1 KB I and D caches) and 
b) use separate, simple one line 256-bit caches for instruction, data read and data write accesses. From a 
performance and (most likely) implementation pomt of view the LEON caches are the best solution how- 
ever they are much bigger than the one line caches (approx 6x). The one line caches do not offer the same 
degree of performance improvement as the LEON caches and are likely to add an extra cycle to all mem- 
ory accesses. The performance penalty for a LEON cache miss (i.e. for all memory accesses if we arc not 
using the LEON caches) and the the best and worst case access times from DRAM have yet to be fully 
determined. The final decision on which caching solution to use will be made when all such information is 
available. 

Therefore the section on caches, which was present in previous versions of this document but is now 
mostly out of date, has been removed (the ICache is still relevant if one line caches axe used and so is 
retained). 



A caching mechanism would offer the advantage of greater aggregate performance while still guaranteeing 
a minimum level of performance. While greater performance may not be required at present for this appli- 
cation the caching mechanism offers greater efficiency (i.e. MIPS/MHz) and so the CPU clock could be 
reduced without affecting, or only ne^gibly affecting, the operating performance. The advantage here is 
that the design is scalable - better performance can be achieved by simply increasing the clock rate. 

As all reads from the embedded DRAM on SoPEC produce words that are 256 bits wide it is inefficient to 
hook this up to a 32-bit CPU bus as 224 bits of each read would be discarded. If the full 256-bit word is 
stored locally to the CPU as a single-line cache then a ??x performance improvement could be obtained in 
the typical case (this is of course highly code dependent). This single line cache would be very easy to 
implement as it would just involve the address to be compared to a single tag and no replacement algo- 
rithm would be required. Furthermore the area impact would be minor and there should be no performance 
penalty for cache misses. As the dram_cpu_da{a bus is 256 bits wide the requested word is izimiediately 
available to the CPU i.e. we do not need to perform critical word first reordering of the data. 

The instruction cache is only accessed for instruction fetches, not all CPU reads. These can be differenti- 
ated by signals emanating from the CPU. Non-instruction CPU reads would be supported by the data 
cache. In the case of a cache miss the read request is processed by the MMU to ensure the request is valid 
before a read request is generated on the relevant external (to the CPU block) bus. The MMU should be 
infomied of a cache hit to ensure it does not generate an imneccessary read request. This requires that the 
regions used to store code are aligned on 32-byte (256-bit) boundaries. 

As there is no requirement to have more time deterministic code execution the instruction cache cannot be 
disabled. 



The Instruction Cache used in SoPEC is capable of storing just a single 256-bit DRAM word. An imple- 
mentation is depicted in Figure 22 below. The block I/Os are given in Table 24 and these should be viewed 
in conjunction with Figure 1 9 and Figure 20 for a complete depiction of the connectivity of the block. 



11.7.1 



Instruction Cache 



1 1, 7. f . 1 ICache Implementation 
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Ffgure 22. ICaehe Block Diagram 



f 



3 



Table 24. ICache l/Os 











Global SoPEC signals 


prst_n 


1 


In 


Global reset. Synchronous to pc//c. active tow. 


pcJk 


1 


In 


Global dock 


Toplevel ICache signaJs 


clram_cpu_data{255:0] 


256 


in 


Data bus from the OtU 


cpu.acode(1 K)] 


2 


In 


CPU access control signals 


cpu_adr(21:2J 


20 


In 


CPU core address bus. 


ICache to DIU Bus Interface signals 


ic_cache_hit 


1 


Out 


Cache hit signal. This indicates that the current CPU read request 

is l>€ing serviced by the ICache and so should not be retrieved from 
the DRAM, 


dram_rdy 


1 


In 


Data Ready signal. Indicates the data on the dram_cpu^data bus is 
valid. 


ICache to MMU Control Block signals 


ic.data(31:0] 


32 


Out 1 ICache data bus 
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Table 24. ICache l/Os 







k;_rdy 


1 


Out 


Ready signal from the ICache indicattng the data on icjdata is valid 


dram^access.en 


1 


Out 


DRAM acx:ess enable signal, indicates that the current CPU access 
is a vafid ORAM access. 



Description: 

The Tag stores the DRAM word address of the word cuixently in cache. The Tag contents arc compared 
with cpu_adr[21:5] each time the CPU requests an instruction fetch from a valid DRAM address (indi- 
cated by cpujacode[0] and dram_access_en). If a match occurs (i.e. a cache hit) the access is serviced by 
returning tiie correct 32 bits (as selected by cpu_adr[4:2]) to the MMU Control Block. If a match does not 
occur (i.e. a cache miss) the ic_cache_hit line is held low indicating to the DIU Bus Interface that a 
DRAM access should commence. Completion of the DRAM access is signalled by the assertion of 
dram^rdy and this causes the ICache contents to be undated, the Tag value replaced and the relevant 32 
bits forwarded to the CPU accompanied by the assertion of the ic_rdy signal. It is updated each time the 
cache line is refilled from DRAM. All instruction fetches from DRAM are cacheable, regardless of which 
DRAM region is being accessed (although the access permissions still need to match those programmed 
for the region) and whether the CPU is in user or supervisor mode. 



11.7.2 Data Cache 

1 1 .8 Realtime Debug Unit (RDU) 

The RDU facilitates the observation of the contents of most of the CPU addressable registers in the SoPEC 
device in addition to some pseudo-registers in realtime. The contents of pseudo-registers^ i.e. registers that 
are collections of othenvise unobservable signals and that do not affect the fixnctionality of a circuit, are 
defined in each block as required. Many blocks do not have pseudo-registers and some blocks (e.g. ROM , 
PSS) do not make debug information available to the RDU as it would be of little value in realtime debug. 

Each block that supports realtime debug observation features a DebugSelect register that controls a local 
mux to determine which register is output on the block's data bus (i.e. blockjcpujdatd). One small draw- 
back with reusing the blocks data bus is that the debug data camot be present on the same bus during a 
CPU read from the block. An accompanying active high block_cpu_debug_yalid signal is used to indicate 
when the data bus contains valid debug data and when the bus is being used by the CPU. There is no arbi- 
tration for the bus as the CPU will always have access when required. A block diagram of the RDU is 
shown in Figure 23. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 95 



SoPEC : Hardware Design 



d6bug_data_valid 



d8bug_data_out[0] 



debug_data.out(1 7] 




Debug 
Data17Src 
Register 

> 



cpr_cpu_debu9_valtd 

diu_cpu_debug_valid 

gpio.cpu.debug_vafid 

icu_cpu_debug_valid 

lss_cpu_debug_valid 

pcu_cpu_debLrg_valid 

scb_cpu_debu9_valid 

tim_cpu_debu g_vaUd 

mmu_debug_vand 



cpr.cpu_data(31 K)] 
diu.cpu.debug_data[31 :0] 
ppio_cpu_data(31 :0I 
icu_cpu_data(3 1 :01 
Iss_cpu_data[3 1 :0] 
pcu_cpu_data[31 :0] 
scb_cpu_data[3i :0] 
tim_cpu_data{31 :0) 

mniu_debug_data[3 1 :0] 



debug_cn trit18:01 




Figure 23. Realtime Debug Unit block diagram 



Table 25. RDU l/Os 





[IB 






dio_cpu_data 


32 


In 


Read data bus from the DIU block 


cpr_cpu_data 


32 


In 


Read data bus from the CPR block 


Opio_cpu_da1a 


32 


In 


Read data bus from the GPiO block 


teu_cpu_daia 


32 


In 


Read data bus from the ICU block 


lss_cpu_data 


32 


In 


Read data bus from the LSS block 


pcu_cpu_debug_data 


32 


In 


Read data bus from the PCU t>lock 
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Table 25. RDUI/Os 







1^ 




8Cb_cpu.data 


32 


In 


Read data bus from the SCB block 


Um_cpu_data 


32 


In 


Read data bus from the TIM block 


<liu.cpu.debug_valid 


1 


In 


Sgnal Indicating the data on the aiujCf>u_data bus is valid debug 
data. 


tim_cpu_debug_valid 


1 


In 


Signal Indteating the data on the tim_cpu_data bus is valid debug 
data. 


scb_cpu_debug.valid 


1 


In 


Signal indicating the data on the scb^cpu^data bus is valid debug 
data. 


pcu_cpu_debug_valid 


1 


In 


Signal indicating the data on the pcu^cpu^data bus Is valid debug 
data. 


lss_qiu.debug.valid 


1 


In 


Signal indicating the data on the tss^cpu^<iata bus is valid debug 
data. 


icu_cpu_debug_valtd 


1 


In 


Signal indicating the data on the icu^cpu_data bus is valid debug 
data. 


gpio.cpu.debug^valid 


1 


In 


Signal Indicating the data on the gpio_cpu_data bus is valid debug 
data. 


cpr_cpu_debug_valid 


1 


In 


Sjgnal indicating the data on the cpr_cpu_data bus is valid debug 
data. 


debugjAatajoui 


18 


Out 


Output debug data to be muxed on to the PHI/GPIO/bther pins 


debug.data.vaJid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debug_dats_out. This stgnaJ is used In all debug configuratk>ns 


debug.cntrl 


19 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data should be selected by the pin mux 



As there are no spare pins that can be used to output the debug data to an external capture device some of 
the existing I/Os will have a debug multiplexer placed in front of them to allow them be used as debug 
pins. Unfortunately many of the pins on SoPEC cannot even be multiplexed in this fashion so it will not be 
possible to output a fiill 32-bit debug data word every cycle. The exact number of pins available for multi- 
plexing had yet to be finalised at the time of writing. This specification assxunes 20 pins will be available 
but this can easily be revised up or, more likely, down. Furthcmiore not every pin that has a debug mux 
will always be available to carry the debug data as they may be engaged in their primary purpose e.g. as a 
GPIO pin. The RDU therefore outputs a debug^cntrl signal with each debug data bit to indicate whether 
the mux associated with each debug pin should select the debug data or the normal data for the pin.The 
DebugPinSe! is used to determine which of the 20? potential debug pins are enabled for debug at any par- 
ticular time. 

As it is not possible to output a full 32-bit debug word every cycle the RDU supports the outputting of an 
n-bit sub-word every cycle to the enabled debug pins. Each debug test would then need to be re-run a num- 
ber of times with a different portion of the debug word being output on the n-bit sub- word each time. The 
data from each run should then be correlated to create a fiill 32-bit (or whatever size is needed) debug 
word for every cycle. The debug^dataj^alid and pclk^out signals will accompany every sub-word to allow 
the data to be sampled correctly. The pclk_put signal is sourced close to its output pad rather than in the 
RDU to minimise the skew between the rising edge of the debug data signals (which should be registered 
close to their output pads) and the rising edge of pclk_put. 

As multiple debug runs will be needed to obtain a complete set of debug data the n-bit sub- word will need 
to contain a different bit pattern for each run. For maximum flexibility each debug pin has an associated 
DebugDataSrc register that allows any of the 32 bits of the debug data word to be output on that particular 
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debug data pin. The debug data pin must be enabled for debug operation by having its corresponding bit in 
the DebugPinSel register set for the selected debug data bit to appear on the pin. 

The size of the sub- word is detennined by the number of enabled debug pins which is controlled by the 
DebugPinSel register. Note that the debugjiata^valid signal is always output. Furthermore 
debugjcntrl[0] (which is configured by DebugPinSel [0]) controls the mux for both the debugjiataj^alid 
zndpcik^out signals as both of these must be enabled for any debug operation. 

The mapping of debug_data_putfnj signals onto individual pins will take place outside the RDU. When 
the exact mapping has been finalised it will be recorded here. A proposed mapping is shown in Table 26 
below. 



Table 26. Example DebugPinSel mapping 





0 


phLfrdk. The dabug^dat^vatid signal will 
appear on this pin when enabled. Enabling this 
pin also automaticafly enables the phLreadI pin 
which will output the pc/A^oi/t signal 


1 


phijirofile 


2 


phUsynd 


3 


test pin 1 


4 


test pin2 


5-18 


0Pioia..13J 



Table 27. RDU Configuration Registers 













OxBO 


DebugSrc 




0x00 


Denotes which t>tock is supplying the debug 
data. The encxxfing of this block is given betow. 
0-MMU 
1 - TIM 

2- LSS 

3- GPIO 

4- SCB 

5- rcu 

6- CPR 

7- DJU 
8 • PCU 


0x84 


DebugPinSel 


19 


0x0,0000 


Detemriines whether a pin is used for debug data 
output. A provisional mapping of pin to bit posi- 
tk>n is given in Table 26. 
1 - Pin outputs detxjg data 
0 ' Nornml pin function 


0x88 to OxCC 


DebugDataSrcN 


5 


0x00 


Selects which bit of the 32-l^t debug data word 
will be outputted on debug_data_out[N] 



11-9 Interrupt Operation 

Tlie interrupt controller unit (see chapter 14) generates an interrupt request by driving interrupt request 
lines with the appropriate interrupt level. LEON supports 15 levels of interrupt with level 1 5 as the highest 



Doc: SoPEC_hardware_deslgn S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page 98 



SoPEC : Hardware Design 



level (the SPARC architecture manual [32] states that level 1 5 is non-maskable but we have the freedom to 
mask this if desired). The CPU will begin processing an interrupt exception when execution of the current 
instruction has completed and it will otily do so if the intemzpt level is higher than the current processor 
priority. If a second interrupt request arrives with the same level as an executing interrupt service routine 
then the exception will not be processed until the executing routine has completed. 

When an interrupt tr^ occurs the LEON hardware will place the program counters (PC and nPC) into two 
local registers. The interrupt handler routine is expected, as a minimum, to place the PSR register in 
another local register to ensure that the LEON can correctly return to its pre-interrupt state. The 4-bit inter- 
rupt level (ir/) is also written to the trap type (tt) field of the TBR (Jrap Base Register) by hardware. The 
TBR then contains the vector of the trap handler routine the processor will then jump. The TEA (Trap 
Base Address) field of the TBR must have a valid value before any interrupt processing can occur so it 
should be configured at an early stage. 

Interrupt pre-emption is supported while £T (Enable Traps) bit of the PSR is set This bit is cleared during 
the initial trap processing. In initial simulations the £T bit was observed to be cleared for up to 30 cycles. 
This causes significant additional interrupt latency in the worst case where a higher priority interrupt 
arrives just as a lower priority one is taken. 

The intermpt acknowledge cycles shown in Figure 24 below are derived from simulations of the LEON 
processor and accompanying interrupt controller. This interrupt controller \vill be replaced by the ICU in 
the SoPEC design. The LEON signal names are used for future reference. An interrupt is asserted by driv- 
ing its (encoded) level on the iuUrl[3:0J signals. The LEON core responds to this, with variable timing, by 
reflecting the level of the taken interrupt on the iuo.irl[3:0] signals and asserting the acknowledge signal 
iuoAntack,Th& interrupt controller then removes the interrupt level one cycle after it has seen the level been 
acknowledged by the core. If there is another pending interrupt (of lower priority) then this should be 
driven on iuUrl[3:0] and the CPU will take that interrupt (the level 9 interrupt in the example below) once 
it has finished processing the higher priority interrupt. The iuo.irl[3:0] signals always reflect the level of 
the last taken interrupt, even when the CPU has finished processing all interrupts. 



pclk 



iui.lrl[3:0] 



0x0 



0x5 



0x0 



iualrl[3:0J RS^sS^sS^^^^^^S^ 0x5^ 
iuo.lntack 



iui,irl(3:0] 
iuo.lrl[3:0] 
iuo.lntack 



0x9 



0x8 



OxA 



0x9 



Figure 24. Interrupt acknowledge cycles for a single and pending interrupts 
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11.10 Boot Operation 

See section 17.2 for a description of the SoPEC boot operation. 

11.11 Software Debug 

Software debug mechanisms are discussed in the "SoPEC Software Debug** document [15]. 
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12 Serial Communications Block (SCB) 



12.1 Overview 



The Serial Communications Block (SCB) handles the movement of all data between the SoPEC and the 
host device (i.e. PC) and between master and slave SoPEC devices. The SCB consists of a USB 1.1 device 
controller, an Inter-SoPEC Interface (ISI) and a DMA manager. A block diagram of the SCB is shown in 
Figure 25 below. The major blocks of the SCB, namely the ISI. USB and DMA manager, could be imple- 
mented as separate blocks but are integrated to take advantage of the performance gains and design simpli- 
fications that a tighter coupling allow. 



USB control 



SRAM 



4— ► 



USB 
Controller 



SRAM/ 
Regfile 



4— ► 



isLgpio_dout[1 :01 



isi_gplo_e[1 :0] 



gpioJsLdin[1 :Q] 



ISI 



SCB 
Control 
Block & 
DMA 
Manager 




— usb_clk 

■> usb_cpr_reset_n 

cpu_adrln:2] 
cpu_dataout[31 :0] 
scb_cpu_data[31 :0] 

cpu_scb_sel 
cpu_n«n 
cpu_acode[2:0] 
scb_cpu_rdy 
scb_cpLr_berr 
dmajcujrq 
isLicuJrq 
usbjcujrq 

scb_dlu_wadrl21 :5] 
scb_diu_data[63:0] 
scb_diu_wreq 
diu_scb_wack 
scb_dlu_wva!id 



scb_cpu„debug_valld 



fsi_cpr.reset_n 



prst^n 
pcik 



Figure 25. Serial Communications Block 

The USB Controller will be an imported piece of IP, There are many possible sources of this block but it is 
likely that it will be supplied by the silicon vendor - all three current silicon vendor candidates will supply 
USB 1.1 controllers, although some of these have been sourced fix>m a third party. 

The SCB can be seen in the context of the overall SoPEC device in Figure 26 below 
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CPU sub-system 



CPU 



RDU 



MMU 



TIM 4 
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.Slave 



Boot ROM 



Slave 



ICU 



Slave 
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«USB Host 



USB PHY 
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•I 
I 
I 
I 
I 
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1- 



^otor Control; 
LSS. IS?, 
LED. etc. 



i 



CPR 



^ Stava ^ 



GPIO 



\ 4 M 



LSS 
Master 



Slava 



Slaver 



CPU. Subsystem 
• 'Bus 



Slava 



eDRAM 



DIU 



4^ 



PCU 



ORAM sub-system 



Print Engine Pipeline sub-system 



Master 



CDU 



CPU 



LBO 



SFU 



TE 



TFU 



HCU 



DNC 4 



DWU 



LLU 



PHI 



J PEP Configuration Bus 

Figure 26. SoPEC toplevel block diagram 
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12.2 DEFINITIONS OF l/OS 

Table 28. Serial Communications Block I/O 









Clocks and Resets 


prst,n 


1 


In 


System reset signal. Active low. 


pdk 


1 


In 


System dock. . 


usb.dk 


1 


In 


aock Ibr the USB oontrdler blodc. 


feLcpr.reset.n 


1 


Out 


Signal from the ISI Indicating that tSI activity has been detected 
while In sleep mode and so the chip should be reset Active low. 


usb^cpr^resB^n 


1 


Out 


Signal from the USB controller that a US8 reset has occurred. 
Active low. 


CPU interface 


cpu_adifn:2] 


n-1 


In 


CPU address bus. Exact width is currently TBD as it is dependent 
on the address maps of Imported IP * 


cpu_dataout[31 :0] 


32 


In 


Shared write data bus from the CPU 


scb_cpu^data[31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 




In 


Common read/hot-write signal from the CPU 


cpu_fc[2:0] 




In 


CPU Function Code signals. 


cpu_scb_sel 




In 


Block select from the CPU. When cpu^scb^sells high both cpu_adr 
and cpLLdafaoi/f are valid 


scb_cpu_rdy 




Out 


Ready signal to the CPU. When scb^cptL/dyis high it indicates the 
last cycle of the access. For a write cyde this means cpu^dataout 
has been registered by the SOB and for a read cyde this means the 
data on scb_cpu_data Is valid. 


scb__cpu_berr 




Out 


Bus error signal to the CPU indicating an invalkJ access. 


scb_cpu_debug_vand 




Out 


Signal Indicating that the data currently on scb.Qpu_d!aea is vaild 
debug data 


Interrupt signals 


dmajcu_irq 




Out 


DMA interrupt signal to ttie interrupt controtler block. 


IsUcuJrq 




Out 


ISI interrupt signal to the interrupt oontrotler block. 


usb_teujfq 




Out 


USB interrupt signal to the Interrupt controller block. 


DiU interface 


scb_diu_wadrf21 :5} 


17 


Out 


Write address bus to the OIU 


scb_diujdataI63.-0] 


64 


Out 


Data bus to the DIU. 


scb_diu_wreq 




Out 


Write request to the DIU 


diu_scb_wack 




In 


Acknowledge from the DIU that the write request was accepted. 


scb^dlu.wvalid 




Out 


Signal from the SOB to the DIU Indtcating that the data currently on 
the scb_diu_data[63:0] bus is valid 


GPIO Interface 


lsi_flpk)_dout(1 :0) 


2 


Out 


ISI output data to GPIO pins 


isi_gpio_e(1:01 


2 


Out 


ISI output enable to GPIO pins 


flpioJsLdin(1 :0J 


2 


In 


Input data from GPIO pins to ISI 
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SI 



\ 12.3 MULTI-SOPEC SYSTEMS 



While single SoPEC systems are expected to form the majority of SoPEC systems the SoPEC device must 
also support its use in muld-SoPEC systems such as that shown in Figure 27 below. A SoPEC may be 
assigned any one of a number of identities in a multi*SoPEC system. A SoPEC may be one or more of a 
PrintMaster, a LincSyncMaster, an rSIMaster, a StorageSoPEC or an ISISlave SoPEC 




printhaad asMmWy 



Figure 27. A3 duplex system featuring four printing SoPECs with a single 

SoPEC DRAW device 



12.3.1 ISIMaster device 

The ISIMaster is the only device allowed to drive the common I SI line (see Figure 28) and interfaces 
directly with the host. In most systems the ISIMaster will simply be the SoPEC connected to the USB bus. 
Future systems, however, may employ an ISI-Bridge chip to interface between the host and the ISI bus and 
in such systems the ISI-Bridge chip will be the ISIMaster. There can only be one ISIMaster on an ISI bus. 

1 2.3.2 PrintMaster device 

The PrintMaster device is responsible for co-ordinating all aspects of the print operation. This includes 
starting the print operation in all printing SoPECs and communicating status back to the host. When the 
ISIMaster is a SoPEC device it is also likely to be the PrintMaster as well. There may only be one Print- 
Master in a system and it is most likely to be a SoPEC device. 
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12.3.3 LineSyncMaster device 

The LineSyncMaster device generates the Isync pulse that all SoPECs in the system must synchronize 
their line outputs with. Any SoPEC in the system could act as a LineSyncMaster although the PrintMaster 
is probably the most likely candidate. It is possible that the LineSyncMaster may not be a SoPEC device at 
all - it could, for example, come from some OEM motor control circuitry. There may only be one LineSyn- 
cMaster in a system. 

12.3.4 Storage device 

For certain printer types it may be realistic to use one SoPEC as a storage device without using its print 
engine capability - that is to effectively use it as an ISI-attached DRAM. A storage SoPEC would receive 
data from the ISIMaster (most likely to be an IS[-Bridge chip) and then distribute it to the other SoPECs as 
required No other type of data flow (e.g. ISISlave -> storage SoPEC -> ISISlave) would need to be sup- 
ported in such a scenario. The SCB supports this functionality at no additional cost because the CPU han- 
dles the task of transferring outbound data from the embedded DRAM to the ISI transmit buffer. The CPU 
in a storage SoPEC will have almost nothing else to do. 

1 2.3.5 ISISlave device 

Multi-SoPEC systems will contain one or more ISISlave SoPECs. An ISISlave SoPEC is primarily used to 
generate dot data for the printhead IC it is driving. 

12.3.6 ISI-Brtdge device 

SoPEC is targeted at the low-cost small office / home office (SoHo) market. It may also be used in future 
systems that target different market segments which are likely to have a high speed interface capability. A 
friture device, known as an ISI-Bridge chip, is envisaged which will feature both a high speed interface 
(such as USB2.0, Ethernet or IEEE1394) and one or more ISI interfaces. The use of multiple ISI buses 
would allow the construction of independent print systems within the one printer. The ISI-Bridge would be 
the ISIMaster for each of the ISI buses it interfaces to. 

12.3.7 Host device 

The host device will invariably be, but is not required to be, a PC. Any device that can act as a USB host or 
that can interface to an ISI-Bridge chip could be the host device. In particular^ with the development of 
USB On-The-Go (USB OTG), it is possible that a number of USB OTG enabled products such as PDAs or 
digital cameras will be able to directly interface with a SoPEC printer. 

12.4 Types OF coMiviUNiCATioN 

12.4.1 Communications with host 

The host communicates directly with the ISIMaster in order to print pages. When the ISIMaster is a 
SoPEC, the communications channel is USB 1 . 1 . 

f Z4. 1. i Host to iSiMaster communication 

The host will need to communicate the following information to the ISIMaster device: 

• Communications channel configuration and maintenance information 

• All data destined for PrintMaster, ISISlave or storage SoPEC devices. This data is simply relayed by 
the ISIMaster 

• Mapping of virtual communications channels, such as USB endpoints, to ISI destination 
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12.4.1.2 iSiMaster to host communication 

The ISiMaster will need to communicate the following information to the host: 

• CommunicatioDS channel configuration and maintenance information 
« All data originating from the PrintMaster, ISISlave or storage SoPEC devices and destined for the host. 

This data is simply relayed by the ISiMaster 

12.4.1.3 Host to Printii/laster communication 

The host will need to communicate the following information to the PrintMaster device: 

• Program code for the PrintMaster 

• Compressed page data for the PrintMaster 

• Control messages to the PrintMaster 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 
« Authenticatable messages to upgrade the printer's capabilities 

1Z4.1.4 PrintMaster to itost communication 

The PrintMaster will need to communicate the following information to the host: 

• Printer status information (i.e. authentication results, paper en^tyyjammed etc.) 

• Dead nozzle information 

• Memory buffer status information 

• Power management status 

• Encrypted SoPECJd for use in the generation of PRINTER.QA keys during factory programming 

12.4.1.5 Host to iSiSiave communication 

All communication between the host and ISISlave SoPEC devices must take place via the ISiMaster. In 
the case of a SoPEC ISiMaster it is possible to configure each individual USB end^int to act as a control 
channel to an ISISlave SoPEC if desired, although the endpoints will be more usually used to transport 
data. The host will need to communicate the following information to ISISlave devices over the comms/ 
ISI: 

• Program code for ISISlave SoPEC devices 

• Compressed page data for ISISlave SoPEC devices 

• Control messages to the ISISlave SoPEC (where a control channel is supported) 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 
Authenticatable messages to upgrade the printer's capabilities 

12.4.1.6 iSiSiave to ttost communication 

All communication between the ISISlave SoPEC devices and the host must take place via the ISiMaster. 
The ISISlave will need to communicate the following information to the host over the comms/ISI: 

• Responses to the host's control messages (where a control channel is supported) 

• Dead nozzle information from the ISISlave SoPEC. 

• Encrypted SoPECJd for use in the generation of PRrNTER_QA keys during factory progranuning 
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12.4.2 Communication over ISI 



iZ4,2s 1 ISIMaster to PrintMaster communication 



The ISIMaster and PdntMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the host destined for the PrintMaster (see section 12.4.1.3). This data is simply relayed 
by the ISIMaster 



The ISIMaster and PrintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the PrintMaster destined for the host (see section 12.4.1.4). This data is simply relayed 
by the ISIMaster 



The ISIMaster may wish to communicate the following information to the ISISlaves: 

• All data (including program code such as ISIId enumeration) originating from the host and destined for 
the ISISlave (see section 12.4.1.5). This data is simply relayed by the ISIMaster 

• wake up from sleep mode 



The ISISlave may wish to communicate the following information to the ISIMaster: 
• All data originating from the ISISlave and destined for the host (see section 12.4.1.6). This data is sim- 
ply relayed by the ISIMaster 



When the PrintMaster is not the ISIMaster all ISI communication is done in response to ISI ping packets 
(see 12.6.4.5). When the PrintMaster is the ISIMaster then it will of course communicate directly with 
the ISISlaves. The PrintMaster SoPEC may wish to communicate the following information to the ISISla- 
ves: 

• Ink status e.g. requests for dotCoum data i.e. the number of dots in each color fired by the printheads 
connected to the ISISlaves 

• configuration of GPIO ports e.g. for clutch control and lid open detect 
« power down command telling the ISISlave to enter sleep mode 

• ink cartridge fail information 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

In general the PrintMaster may need to be able to: 

• send messages to an ISISlave which will cause the ISISlave to return the contents of ISISlave registers 
to the PrintMaster or 

• to program ISISlave registers with values sent by the PrintMaster 

This should be under the control of software running on the CPU which writes messages to the ISI/SCB 
interface. 



12.4. 2. 2 PrinMaster to ISIMaster communication 



ISIMaster to ISISlave communication 



12,4.2.4 ISISlave to ISIMaster communication 



12.4.2.5 PrintMaster to ISISlave communication 
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12.4,2.6 iSISIave to PrintMaster communication 

ISISlaves may need to communicate the following information to the PrintMaster: 

• ink status e.g. dotCount data i.e. the number of dots in each color fired by the printheads cotmected to 
the ISISlaves 

• band related information e.g. finished band interrupts 

• page related information i.e.buffer undemin, page finished intenupts 

• MMU security violation interrupts 

• GPIO intermpts and status e.g. clutch control and lid open detect • 

• printhead temperature 

• printhead dead nozzle infoimation from SoPEC printhead nozzle tests 
« power management status 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

As the ISI is an insecure inter&ce commands issued over the ISI should be of limited capability e.g. only 
limited register writes allowed. The sofbvare protocol needs to be constructed with this in mind. In general 
ISISlaves may need to return register or status messages to the PrintMaster or IS [Master. They may also 
need to indicate to the PrintMaster or ISIMaster that a particular interrupt has occurred on the ISISIave. 
This should be under the control of software running on the CPU which writes messages to the ISI block. 

1Z4.2.7 iSiSiave to iSiSiave communication 

It is ciurently not anticipated that there will be any direct communication between ISISIave SoPECs. How- 
ever they can communicate indirectly via the ISIMaster SoPEC The most likely scenario for such a com- 
munication mechanism when the PrintMaster is not the ISIMaster (see sccrions 12.4.2,5 and 12.4.2.6 for a 
description of the information exchanged between a PrintMaster and an ISISIave). ISISIave to ISISIave 
communication would also be required when sending data stored in a storage SoPEC device to an 
ISISIave. 

12.5 USB 

The USB 1 . 1 interface for the printer should consist of the USB coimector, the necessary discretes for USB 
signalling and the SoPEC device. A SoPEC printer will act as a self-powered, flill-speed device and 
SoPEC itself will not draw any power from the USB cable. It will support control and bulk transfers. 
Interrupt transfers are not considered necessary because the required interrupt-type functionality can be 
achieved by sending query messages over the control charmel on a scheduled basis. There is no require- 
ment to support either isochronous or low-speed transfers. The USB controller must support at least 5 
USB ehdpoints: a control endpoint (endpoint 0) and 4 bulk-data type endpoints. These 4 bulk-data type 
endpoints can be used for the transfer of any type of data: compressed page data, program data or control 
messages. They may also be mapped on to any target destination in a multi-SoPEC system i.e. configura- 
tion is completely programmable. They are envisaged as always being used as USB IN endpoints i.e. they 
will transport data from the host to SoPEC. Any feedback data (e.g. status information) will be returned to 
the host on the control channel (endpoint 0). 

The USB device enumeration process will be handled by the SoPEC CPU and USB controller. Note that 
this requires the on-chip ROM to contain all the required USB driver code. This is not expected to be the 
full USB driver but rather a "USB-lite" driver that has sufficient functionality to download a program to 
DRAM. 

Details of the configuration registers and interface signals will be provided when the implementation IP 
for the USB controller core has been selected. There are several potential candidates for the USBl .1 con- 
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troUer that are being evaluated in terms of cost, maturity, licensing requirements/restrictions, quality of 
deliverables etc. - as already mentioned the choice of silicon vendor is likely to play a laxge part in select- 
ing the USB controller. 

12.5.1 ISIMaster/lSIStave Identmcation 

While the USB controller is used for data transfer if a SoPEC is an ISIMaster it may, in certain cases, also 
be used to transfer data to an ISISlave. If the USB is not used for data transfer the device will certainly be 
an ISISlave. In this case the USB pins could be used to identify the device as an ISISlave as the USB 
device controller is expected to allow the single-ended quiescent state of the USB pins to be read by the 
CPU either directly or indirectly (as there should be a register indicating whether the USB controller is 
operating as a full-speed or low-speed device). We adopt the convention that an ISIMaster SoPEC has its 
USB pins configured for full-speed operation (i.e. a pull-up resistor on D+) and an ISISlave SoPEC has its 
USB pins configured for low-speed operation (i.e. a puil-up resistor on D-). This allows the ROM boot- 
code to quickly determine whether the SoPEC is an ISIMaster or ISISlave without needing to wait for 
USB activity. While the ISISlave SoPEC*s USB controller believes it is a low-speed device it is never used 
and may be disabled completely (if possible) once the device has been identified as an ISISlave. Note that 
other combinations on the D+ and D- lines may result in unreliable operation of tbe USB controller. 

The SoPECs identity as an ISIMaster or ISISlave may also be determined from USB or ISI activity. If 
activity is seen on USB endpoints 2-4 then the device is an ISIMaster (note that it is not neccessarily an 
ISIMaster if activity is only seen on endpoints 0 or 1) and the ISI may automatically configure itself as an 
ISIMaster in this situation. If the ISI receives ping packets then it is an ISISlave as only the ISIMaster can 
send ping packets. 

The most suitable ISIMaster/ISISlave identification scheme (i.e. use of USB pins or looking for USB/ISI 
activity) can be chosen by the software for any given printer. 

12.5^ Wake-up from sleep mode 

The SoPEC will be placed in sleep mode after a suspend command is received by the USB controller. The 
extent of power-down in sleep mode is currently TBD (different silicon vendors offer different options) 
but it is expected to involve the loss of DRAM contents at a minimum. The USB controller (or portions of 
it) will continue to be powered and clocked in sleep mode. It is likely that a USB reset, as opposed to a 
device resume, will be required to bring SoPEC out of its sleep state as the sleep state is hoped to be logi- 
cally equivalent to the power down state. The exact reawakening mechanism will be finalised when the 
steep state is more precisely defined and the particular implementation of the USB controller is chosen. 

The USB reset signal originating from the USB controller will be propagated to the CPR (as 
usb^cpr_reset_n) if the USBWakeupEnable bit of the WakeupEnable register (sec Table 38) has been set. 
The USBWakeupEnable bit should therefore be set just prior to entering sleep mode. 

There are no conditions that require the SpPEC to initiate a USB device wake-up (i.e. where SoPEC sig- 
nals resume to the host after being suspended by the host). 

12.5.3 USB Speed 

The USB speed will be determined by amount of activity from other devices that share the USB bus with 
the printer and the responsiveness of the host in handling USB interrupts. To guarantee bandwidth to the 
printer it is recommended that no other devices are active on the USB bus between the printer and the host. 
If the printer is connected to a USB2.0 host or hub it may limit the bandwidth available to other devices 
connected to the same hub but it would not significantly affect the bandwidth available to other devices 
upstream of the hub. Used in the recommended configuration it is expected that an effective bandwidth of 
8-9 Mbit/s will be achieved. 
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12.6 ISi (Inter SoPEC Interface) 

The ISI is utilised in all system configurations requiring more than one SoPEC. An example of such a sys- 
tem which requires four SoPECs for duplex A3 printing and an additional SoPEC used as a storage device 
is shown in Figure 27. 

The ISI perfoims much the same function between an ISISlave SoPEC and the ISIMaster as the USB con- 
nection performs between the ISIMaster and the host. This includes the transfer of all program data, com- 
pressed page data and message (i.e. commands or status information) passing between the ISIMaster and 
I the ISISlave SoPECs. Existing requirements indicate that it is sufficient for the ISIMaster to initiate all 

communication with the ISISlaves. 

12.6.1 ISIMaster/ISISIave identification and ISISlave enumeration 

Section 12.5.1 details how a SoPEC is configured as an ISIMaster or ISISlave. The ISIId is established by 
software downloaded over the ISI (in broadcast mode) which looks at the input levels on a number of 
GPIO pins to determine the ISIId. For any given printer that uses a multi-SoPEC configxiration it is 
expected that there will always be enough fi-ee GPIO pins on the ISISlaves to support this enumeration 
mechanism. 

12.6.2 Wake-up from sleep mode 

Either the PrintMaster SoPEC or the host may place any of the ISISlave SoPECs in sleep mode prior to 
going into sleep mode itself The ISISlave device should then ensure that its ISIWakeupEnable bit of the 
* WakeupEnable register (see Table 38) is set prior to entering sleep mode. In an ISISlave device the ISI 
block will continue to receive power and clock during sleep mode so that it may monitor the gpio_isi^din 
I lines for activity. When ISI activity is detected during sleep mode and the ISIWakeupEnable bit is set the 

ISI asserts the isi_cpr_reset_n signal. This will bring the rest of the chip out of sleep mode by means of a 
wakeup reset. See chapter 16 for more details of reset propagation. 

12.6.3 ISI speed 

The ISI will need to run at speed that will allow error free transmission on the PCB while minimising the 
buffering and hardware requirements on SoPEC. While an ISI speed of 10 Mbit/s is adequate to match the 
effective USB 1.1 bandwidth it would limit the system performance when a high-speed connection (e.g. 
USB2.0, IEEE1394) is used to attach the printer to the PC. Although they would require the use of an extra 
ISI-Bridge chip such systems arc envisaged for more expensive printers (compared to the low-cost basic 
SoPEC powered printers that are initially being taigeted) in the future. 

An ISI line speed (i.e. the speed of each individual ISI wire) of 32 Mbit/s is therefore proposed as it will 
allow ISI data to be oversampled 5 times (at a pclk frequency of I6OMH2). The total bandwidth of the ISI 
will depend on the number of pins used to implement the interface. The current expectation is that two 
pins will be used, giving a peak raw bandwidth of 64 Mbit/s, and this is the scenario that is used in this 
document. However the ISI protocol will work equally well if four pins are used for transmission/recep- 
tion and this would give a peak raw bandwidth of 128 Mbit/s. The number of pins available for the ISI is 
currently. under investigation as part of the package selection process. With either a two or four pin ISI 
solution a 32 Mbit/s line speed would allow the movement of data in to and out of a storage SoPEC (as 
described in 12.3.4 above), which is the most bandwidth hungry ISI use, in a timely fashion. 

The maximum efiTective bandwidth of a two wire ISI, afler allowing for protocol overheads and bus turn- 
around times, is expected to be approx. 50 Mbit/s. 
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12.6.4 ISl protocol 

The ISI is a serial interface utilizing a two wire half-duplex configuration as shown in Figure 28 below. An 
ISIMaster must always be present and up to 14 ISISlaves may also be on the ISI bus. The ISI bus enables 
broadcasting of data, ISIMaster to ISISlave communication, ISISlave to ISIMaster conmiunication and 
ISISiave to ISISlave commtmication. Flow control, error detection and retransmission of errored packets is 
also supported, ISI transmission is asynchronous and a Start field is present in every transmitted packet to 
ensure synchronization for the duration of the packet. Bit-stuffing is required as it is expected that synchro- 
nization cannot be guaranteed for the length of the longest allowed packet^ Open Issue: This should be 
confirmed with the spec of the crystal used with SoPEC. We may wish to constrain the spec of xtaiin and 
also xtaiin for the ISI-Bridge chip to ensure the ISI cannot drift out of sync during packet reception. 
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Figure 28. ISI configuration with four SoPEC devices 

To maximize the effective ISI bandwidth while mininriising pin requirements a two wire half-duplex inter- 
leaved transmission scheme is used. Figure 29 below shows how a 16'bit word is transmitted from an ISI- 
Master to an ISISiave. Data is interleaved on a bit-by-bit basis over the two ISI lines and this requires all 
ISI packets to be an even number of bits in length. This interleaving could easOy be extended to four pins 
if required. 

All ISI transactions are initiated by the ISIMaster and every non-broadcast data packet needs to be 
acknowledged by the addressed recipient. An ISISiave may only transmit when it receives a ping packet 
(see section 12.6.4.5) addressed to it. To avoid bus contention all ISI devices must wait one bit-time (5 pclk 
cycles) after detecting the end of a packet before transmitting a packet (assuming they are required to 
transmit). All non-transmitting ISI devices must tristate their Tx drivers to avoid line contention. A pull-up 
resistor is therefore required on both ISI lines to reduce the possibility of false data detection. The ISI pro- 
tocol is defined to avoid devices driving out of order (e.g. when an ISISiave is no longer being addressed). 
As the ISI will use standard I/O pads there will be no physical collision detection mechanism. 



I. Current max packet size -= 290 bits = 145 bits per line (on a 2 wire ISI) = 725 I6OMH2 cycles. Thus the pclks in the two communicat- 
ing ISI devices should not drift by more than one cycle in 725 i.e. 1 379 ppm. Careful analysis of the crystal, PLL and oscillator specs 
and the sync detection circuit is needed here to ensure our solution is robust 
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Figure 29. Half-duplex fnterieaved transmission from ISIMaster to ISISIave 

There are three types of ISI packet: a long packet (used for data transmission), a ping packet (used by the 
ISIMaster to prompt ISlSlaves for packets) and a short packet (used to acknowledge receipt of a packet). 
All ISI packets are delineated by a Start and Stop fields and transmission is atomic i.e. an ISI packet may 
not be split or halted once transmission has started. 



i2, 6,4, 1 ISi transactions 



The different types of ISI transactions are outlined in Figure 30 below. As described later all NAKs are 
inferred and ACKs are not addressed to any particular ISI device. 
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Transaction 1: Long packet to an addressed ISISIave 
ISIMaster ISISIave A 



ISISIave B 




Transaction 2: Ping packet to an addressed ISISIave. ISISIave has nothing to send 
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Transaction 3: Ping packet to an addressed ISISiave. ISISIaveA responds with a lone packet to 
ISISIaveB and ISlSlaveB responds witli an ACK or NAK. 



ISIMaster 



ISISIave A 



ISISIave B 




Transaction 4: Ping packet to an addressed ISISIave, ISISIaveA responds with a long packet to 
the ISIMaster and the ISIMaster responds with an ACK or NAK- 

Figure 30. ISI transactions 

f 2.6.4.2 Start field description and bit stufTmg 

The Start field serves two purposes: To allow the start of a packet be unambiguously identified and to 
allow the receiving device synchronise to the data stream. The symbol, or data value, used to identify a 
Start field must not legitimately occur in the ensuing packet Bit stuffing is used to guarantee that the Start 
symbol will be unique in any valid (i.e. error free) packet. The Start symbol should therefore be suffi- 
ciently long to ensure that the bit stuffing overhead is low but should still be short enough to reduce its own 
contribution to the packet overhead. A Start bit length of 8 bits is therefore used as it is an effective com- 
promise between these two constraints. The Start field, like every byte in a packet, is transmitted with its 
rightmost (Isb) bit first 

If the correct symbol value is used bit stuffing offers the further advantage of forcing transitions on the ISI 
lines which will allow synchronization be maintained. Unfortunately a symbol value that is good for forc- 
ing transitions (e.g. 0x00) is not good for guaranteeing initial synchronization and vice versa i,e. a symbol 
such as OxAA would ensure initial synchronization but cannot prevent synchronization being lost if a long 
run of zeroes or ones is subsequently transmitted. 

To resolve this conflict the Start symbol will be OxAA and three different types of bit stuffing are used 
Whenever OxAA is encountered in the data stream a 0 is inserted before the msb resulting in the 9-bit 
value 0xl2A (i.e. blOlOlOlO -> blOOlOIOlO). To ensure transitions occur during a long run of zeroes a 1 
is mserted after 7 zeroes thus 0x00 becomes 0x080 (i.e. bOOOOOOOO -> bO 1 0000000). Likewise to ensure 



Doc: SoPEC^hardware^design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 113 



SoPEC : Hardware Design 



i3 



transitions will occur during a run of ones a 0 is inserted after 7 ones and so OxFF becomes Oxl7F (i.e. 
bl 1 1 1 11 1 1 -> blOll 1 11 1 1). The receiving ISI device must detect these special values and strip out the 
inserted ones and zeroes. 

Note that any violation of bit stuffing will result in the FrameError status bit being set and the incoming 
packet will be treated as an errored packet. Furthermore if the Start field is not received as OxAA the 
FrameError status bit is set and incoming data is discarded until a correct Start field is detected. 

In a truly random data such a bit stuffing scheme could cause an overhead of approx. 0.15%. While the 
data transmitted over the ISI wUl not be truly random (0x00 and OxFF are likely to occur more often than 
they would in a random data set) the overhead should.remain low and will never exceed 11.1% (i.e. 1 in 
every 9 bits). 

1Z6.4.3 Stop field description 

A 2-bit Stop field (= bl 1) is used to ensure that both lines return to the high state before the next packet is 
transmitted Two bits are required because the Stop field will be interleaved over both ISI lines (4 bits 
would be used in a 4 wire ISI). The Stop field is not subject to bit stuffing because bit stuffing could result 
in the final transmitted bit being a 0 on one of the ISI lines. 

12,6.4.4 iSiiong pacf(et description 

The format of a long ISI packet is shown in Figure 31 below. Data may only be transferred between ISI' 
devices using a long packet as both the short and ping packets have no payload field Except in the case of 
a broadcast packet, the receiving ISI device will always reply to a long packet with either an explicit ACK 
(no error detected in received packet) or an inferred NAK (an error was detected in the received packet). 
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Figure 31. ISI long packet 
All long packets begin with the Start field as described earlier. The PktDesc field is described in Table 29. 
Table 29. PktDesc field description 



Packet type Indicator: 
1 - Short packet 

0 - Non-short (i.e. lonfl/ping) packet 
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Table 29. PktDesc field description 



1 




i 




1 


Data paytoad present indicator 

1 - This packet contains payload (l.e, long packet) 

0 - This packet has no paytoad 


2 


Sequence bft value. Onfy valkJ for fong packets. See section 1 2.6.4.8 tor a 
description of sequence bit operation 



Any ISI device in the system may transmit a long packet but only the ISlMaster may initiate an ISI trans- 
action using a long packet. An ISISiavc may only send a long packet in reply to a ping message ftx)m the 
ISlMaster. A long packet from an ISISlave may be addressed to any 1ST device in the system although the 
ISlMaster (or the PrintMaster if it is a different device) will be the usual recipient. 

The Address field is straightforward and complies with the ISI naming convention described in section 
12.7. 

The payload field is exactly what is in the transmit buffer of the transmitting ISI device and gets copied 
into the receive buffer of the addressed ISI devicc(s). When present the payload field is always 256 bits. 

To ensure strong error detection a 16-bit CRC is appended This CRC is calculated over the entire packet 
(excluding the Start and Stop fields). The HDLC standard CRC-16 (i.e. G(x) «= x'^ +x'^ + x^ +/) is to be 
used for this calculation, which is to be performed serially. 

f 2. 6.4.5 iS! ping packet 

The ISI ping packet is used to allow ISISlaves transmit on the ISI bus. As can be seen from Figure 32 
below the ping packet is cab be viewed as a special case of the long packet. In other words it is a long 
packet without any payload, whose PktDesc field is always bOOO and whose ISISubId is always 1. The 
ISISubId is unused in ping packets because the ISlMaster is addressing the ISI device rather than one of 
the DMA channels in the device. The ISISlave may address any ISIId. ISISubId in response if it wishes. 
The ISISlave will respond to a ping packet with either an explicit ACK (if it has nothing to send), an 
inferred NAK (if it detected an error in the ping packet) or a long packet (containing the data it wishes to 
send). Note that inferred NAKs do not result in the retransmission of a ping packet This is because the 
ping packet will be retransmitted on a predetermined schedule (see 12.6.4.10 for more details). 
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Figure 32. ISI ping packet 

An ISISlave should never respond to a ping message to the broadcast ISIId as this must have been sent in 
error. An ISI ping packet will never be sent in response to any packet and may only originate from an ISl- 
Master, 
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12.6.4.6 iSi short packet description 

The ISI short packet is only 14 bits long, including the Start and Stop fields. A value of blOOl is proposed 
for the ACK symbol. As a 1 6-bit CRC is inappropriate for such a short packet it is not used. In fact there is 
only one valid value for a 14-bit short ACK packet as the Start, ACK and Stop symbols aU have fixed val- 
ues. Short packets are only used for acknowledgements (i.e explicit ACKs). The format of a short ISI 
packet is shown in Figure 33 below. 
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II II 


8 bits 
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Figure 33. Short ISI packet 

12.6.4.7 Error detection and retransmission 

The 16-bit CRC will provide a high degree of error detection and the probability of transmission errors 
occurring is very low as the transmission channel (i.e. PCB traces) will have a low inherent bit error rate. 
The number of undetected errors should therefore be minute. A simple retransmission mechanism frees 
the CPU from getting involved in error recovery for most errors because the probability of a transmUsion 
error occurring more than once in succession is very, very low in normal circumstances. 

After each non-short ISI packet is transmitted the transmitting device will open a reply window. The size 
of the reply window will be 9 bit times (i.e. 14 bits transmitted on two wires plus 2 bit times to aUow for 
bus turnarounds and timing differences) when a short packet is expected and 147 bit times (i,e. 290 bits 
transmitted on two wires plus 2 bit times to allow for bus turnarounds and timing diflFerences) when a long 
packet is expected in reply. 

When a packet has been received without any errors the receiving ISI device must transmit its acknowl- 
edge packet (which may be either a long or short packet) before the reply window closes. When detected 
errors do occur the receiving ISI device will not send any response. The transmitting ISI device inteiprets 
this lack of response as a NAK mdicating that errors were detected in the transmitted packet or that the 
receiving device was unable to receive the packet for some reason. If a long packet was transmitted the 
transmitting ISI device will keep die transmitted packet in its transmit buffer for retransmission. If the 
transmitting device is the ISIMaster it will retransmit the packet immediately while if the transmitting 
device is an ISISlave it will retransmit the packet in response to the next ping it receives from the ISIMas- 
ter. 

The transmitting ISI device will continue retransmitting the packet when it receives a NAK until it either 
receives an ACK or the number of retransmission attempts equals the value of the NumRetries register. If 
the transmission was unsuccessful then die transmitting device sets the TxError bit in its ISfStatus register. 
The receiving device also sets the RxEnor bit in its ISIStatus register whenever it detects NumRetries + 1 
errored packets in succession. The NumRetries registers in all ISI devices should therefore be set to the 
same value for consistent operation. Note that successful transmission or reception of ping packets do not 
affect retransmission operation. Open Issue: In the case of an ISI device receiving a packet in error from 
an ISISlave the NumRetries count will be reset if it subsequently receives an error free packet from any ISI 
device (which may not be the ISISlave that transmitted the erroi«d packet). Thus the RxError operation is 
only effective for ISIMaster to ISISlave ti-ansactions as these are the only ones where retransmissions will 
be sequential. Either we live with this or we could implement a NuraRetriesCount window which would 
^low all NAKs within a specified window to be counted. If NumRetries is exceeded within this window 
then we have a RxError otherwise we can reset the count. 
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Note that either a transmit or receive error will cause the ISI to stop transmitting or receiving respectively. 
CPU intervention will be required to resolve the source of the problem and to restart the ISI transmit or 
receive operation. Transmit or receive errors should be extremely rare and their occurrence will most 
likely indicate a serious problem. 

Note that broadcast packets are never acknowledged to avoid contention on the common ISI lines. If an 
ISISlave detects an error in a broadcast packet it must use the message passing mechanism described ear- 
lier to alert the ISIMaster to the error. 

1Z6,4.B Sequence bit operation 

To ensure that communication between transinitting and receiving ISI devices is correctly ordered a 
sequence bit is included in every long packet to keep both devices in step with each other. Sequence bits 
are not used for short or ping packets as they are not used for data transmission. In addition to the transmit- 
ted sequence bit all ISI devices keep two local sequence bits, one for each ISISubld. Furthermore each ISI 
device maintains a transmit sequence bit for each ISIId and ISISubld it is in communication with. For 
packets. sourccd from the host (via USB) the transmit sequence bit is contained in the relevant USBEPnD- 
est register while for packets sourced from the CPU the transmit sequence bit is contained in the 
CPUISITxBuffCntrl register. The sequence bits for received packets are stored in DMAOSeqBit and 
DMAlSeqBit registers. All ISI devices will initialise their sequence bits to 0 after reset. It is the responsi- 
bility of software to ensure that the sequence bits of the transmitting and receiving ISI devices are cor- 
rectly initialised each time a new source is selected for any ISIId.ISISubld channel. 

Sequence bits are not used in all broadcast and ping packets. Each SoPEC may also ignore the sequence 
bit on either of its ISISubld channels by setting the appropriate bit in the SequenceMask register. The 
sequence bit should be ignored for ISISubld channels that will carry data that can originate from more 
than one source and is self ordering e.g. control messages. 

A receiving ISI device will toggle its sequence bit addressed by the ISISubld only when the receiver is 
able to accept data and receives an error-free data packet addressed to it. The transmitting ISI device will 
toggle its sequence bit for that ISIId.ISISubld channel only when it receives a valid ACK handshake from 
the addressed ISI device. 

Figure 34 shows the transriiission of two long packets with the sequence bit in both the transmitting and 
receiving devices toggling from 0 to 1 and back to 0 again. The toggling operation will continue in this 
manner in every subsequent transmission until an error condition is encountered. 
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Figure 34. Successful transmission of two long packets with sequence bit toggling 
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When the receiving fSI device detects an error in the transmitted long packet or is unable to accept the 
packet (because of full buffers for example) it will not return any packet and it will not toggle its local 
sequence bit An example of this is depicted in Figure 35. The absence of any response prompts the trans- 
mitting device to retransmit the original (seq=0) packet. This time the packet is received without any errors 
(or buffer space may have been freed) so the receiving ISI device toggles its local sequence bit and 
responds with an ACK. The transmitting device then toggles its local sequence bit to a 1 upon correct 
receipt of the ACK. 



Transmitting Receiving 
ISI Device JSI Device 




Figure 3S« Sequence bit operation with errored long packet 

However it is also possible for the ACK packet from the receiving ISI device to be corrupted and this sce- 
nario is shown in Figure 36. In this case the receiving device toggles its local sequence bit to 1 when then 
long packet is received without error and replies with an ACK to the transmitting device. The transmitting 
device detects an eiior in the ACK packet and so will not change its local sequence bit. It then retransmits 
the seq»0 long packet. When the receiving device finds that there is a mismatch between the transmitted 
sequence bit and the expected (local) sequence bit is discards the long packet and replies with an ACK. 
When the transmitting ISI device correctly receives the ACK it updates its local sequence bit to a 1, thus 
restoring synchronization. Note that when the SequenceMask bit for the addressed ISISubId is set then the 
retransmitted packet is not discarded and so a duplicate packet wOl be received. The data contained in the 
packet should be self-ordering and so the software handling these packets (most likely control messages) 
is expected to deal with this eventuality. 
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Figure 36. Sequence bit operation with ACK error 
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12,6,4.9 Flow control 



The ISl also supports flow control by treating it in exactly the same manner as an error in the received 
packet Because the SCB enjoys greater guaranteed bandwidth to DRAM than both the ISI and USB can 
supply flow control should not be required during normal operation. Any blockage on a DMA channel will 
soon result in the NumRetries value being exceeded and transmission to that DMA channel being halted. 
Because flow control is treated in the same manner as an error in the received packet neither the transmit- 
ting nor the receiving ISI device will be able to differentiate the cause of a TxError or RxError. 



12,6.4.10 Auto^ping operation 



While the CPU of tue ISIMaster could send a ping packet by writing the appropriate header to the 
CPUISITxBuffCntrl register it is expected that all ping packets will be generated in the ISI itself. The use 
of automatically generated ping packets ensures that ISISlaves will be given access to the ISI bus with a 
programmable minimum guaranteed frequency in addition to whenever it is idle. Five registers facilitate 
the automatic generation of ping messages within the ISI: PingScheduleO, PingSchedulel, PingSchedule2, 
ISITotalPeriod and ISILocalPeriod. Auto-pinging can be enabled or disabled by writmg to the AutoPin- 
gEnable bit of the ISICntrl register. 

Each bit of the 14-bit PingScheduleN register corresponds to an ISIId that is used in \h& Address field of 
the ping packet and a I in the bit position indicates that a ping packet is to be generated for that ISIId A 0 
in any bit position wiU ensure that no ping pactet is generated for that ISIId As ISISlaves may differ in 
their bandwidth requirement (particularly if a storage SoPEC is present) three different PingSchcdule reg- 
isters are used to allow an ISISlavc receive up to three times the number of pings as another active 
ISISlave. When the ISIMaster is not sending long packets (sourced from either the CPU or USB in the 
case of a SoPEC ISIMaster) ISI ping packets will be transmitted according to the pattern given by the three 
PingScheduleN registers. The ISI will start with the Isb of PingScheduleO register and work its way from 
Isb through msb of each of the PingScheduleN registers. When the msb of PingSchedule2 is reached the 
ISI returns to the 1^ of PingScheduleO and continues to cycle through each bit position of each Ping- 
ScheduleN register. 

With the addition of auto-ping operation we now have three potential sources of packets in an ISIMaster 
SoPEC: USB, CPU and auto-ping. Arbitration between &e CPU and USB for access to the ISI is handled 
outside the ISI (see section 12.7.7) but arbitration between auto^ping packets and CPU/USB originating 
packets, which we will refer to as local packets, happens within the ISI. To ensure that local packets get 
priority whenever possible and that ping packets can have some guaranteed access to the ISI we use two 4- 
bit counters whose reload value is contained in the ISITotalPeriod and ISILocalPeriod registers. As we will 
see in 12.6.4. 1 every ISI transaction is initiated by the ISIMaster transmitting either a long packet or a ping 
packet. The ISITotalPeriod counter is decremented for every ISI transaction when contention occurs (i.e. 
both a ping and a local packet wish to transmit) while the ISILocalPeriod counter is decremented for every 
local packet that is transmitted Neither counter is decremented by a retransmitted packet. 

The amount of guaranteed ISI bandwidth allocated to both local and ping packets is determined by the val- 
ues of the ISITotalPeriod and ISILocalPeriod registers. Local packets will always be given priority when 
the ISILocalPeriod counter is non-zero. Ping packets will be given priority when the ISILocalPeriod 
counter is zero and the ISITotalPeriod counter is still non-zero. Both the ISITotalPeriod and ISILocalPe- 
riod counters are reloaded by the next local packet transmit request after the ISITotalPeriod counter has 
reached zero. This reload policy minimises the maximum latency for ping packets at the expense of maxi- 
mum latency for local packets. 

Note that ping packets are quite likely to get more than their guaranteed bandwidth as they will be trans- 
mitted whenever the ISI bus is idle (i.e. no pending local packets) and so do not decrement cither counter. 
Local packets on the other hand will never get more than their guaranteed bandwidth because each local 
packet transmitted decrements both counters. The difference between the values of the ISITotalPeriod and 
ISILocalPeriod registers determines the number of automatically generated ping packets that are guaran- 
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teed to be transmitted every ISITotalPeriod number of ISI transactions. If the ISITotalPeriod and ISILo- 
calPeriod values are the same then the local packets will always get priority and could totally exclude pjpg 
packets if the CPU always has packets to send. 

For example if ISITotalPeriod = OxC; ISILocalPeriod = 0x8; PingScheduieO = 0x07; PingSchedulel « 
0x06 and PingSchedule2 = 0x04 then four ping messages are guaranteed to be sent in every 12 ISI transac- 
tions. Furthermore ISIId3 will receive 3 times the number of ping packets as ISIdl and ISnd2 will receive 
twice as many as ISIdl. Thus over a period of 36 contended ISI transactions (allowing for two fiill rota- 
tions through the three PingScheduleN registers) when local packets are always pending 24 local packets 
will be sent, ISIdl will receive 2 ping packets, ISId2 will receive 4 pings and ISId3 will receive 6 ping 
packets. If local traffic is less frequent then the ping frequency will automatically adjust upwards to con- 
sume all idle ISI b^dwidth. 

f 2.6.4. 1 1 1ISI Registers 

Table 30 below details the ISI configuration registers. Note that some of these registers aie also used by 
other blocks in the SCB. 



Table 30. ISI configuration registers 



^^^^^ 






msmms 


0x00 


ISICntrl 


5 


0x2 


ISI Control register 


0x04 


ISIId 


4 


0x1 


ISIId for this SoPEC. A value of 0 indicates the 
devix^ is an tSIMaster. Note that the SoPEC resets 
to being an ISISlave and that OxF (the broadcast 
ISIId) is an illegal value and should not be written to 
this register. 


0x08 


NumRetries 


4 


0x02 


Number of retransmissions to attempt in response to 
a NAK before aborting a tong packet transmission 


OxOC 


ISIPingScheduleO 


14 


0x0000 


Denotes which ISIIds will be receive ping packets. 
Note that bitO refers to ISlldl . bitl to ISIId2...bit13 to 

tSIEdU. 


0x10 


ISIPinoSchedulel 


14 


0x0000 


As per PingSchedutaO 


0x14 


lSIPIngSchedule2 


14 


0x0000 


As per PingScheduieO 


0x18 


ISITotalPeriod 


4 


OxF 


Reload value of the ISfTotalPerfod counter 


0x1 C 


ISILocalPeriod 


4 


OxF 


Reload value of the ISILocalPeriod counter 


0x20 


ISIStatus 


6 


0x00 


ISI Status register. This register rs Readonly, 


0x24 


ISlMask 


6 


0x00 


ISI Interrupt Mask register 


0x30 - 0x4C 


CPUISITxBuff 


32 


n/a 


32-byte CPUISI transmit buffer 


0X50 


CPUISlTxBuffCntrf 


13 


0x0000 


Control register for the CPUISI transmit buffer 


0x60 - 0x7C 


CPUIStRxBuff 


32 


n/a 


32-byte ISI receive buffer This is the half of the dou- 
ble buffer that contains the oldest data. 


0x80 


tSIRxBuffOest 


1 


0x0 


Onfy one of the CPU and the DMA manager is 
attowed to empty the receive buffer at any time. 
1 = CPU will empty the receive buffer 
0 s DMA manager will empty the receive buffer 



12.6.4.11.1 ISr control register 

The ISICntrl register is described in Tabic 31 below. Note that the reset value of this register allows the 
SoPEC to automatically become an ISIMaster (AutoKfasterEnable •* 1) if any USB packets are received on 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 120 



SoPEC : Hardware Design 



endpoints 2-4. On becoming an ISIMaster the ISHd register is set to 0, the TxEnable bit of the ISICntrl reg- 
ister is set and any USB or CPU packets destined for other ISI devices are transmitted The CPU can over- 
ride this c^ability at any time by clearing the AutoMasterEnable bit. Automatic ping operation can only 
be enabled by the CPU as the reset values of the PingScheduleN ngLStm are all 0 and neither PMA chan- 
nel is automatically configured. 



Table 31. ISICntrl register 







1 TxEnabfe 


0 


EnabJes ISI transmissfon of long or ping packets. This is deared by 
transmit errors and so needs to be restarted by the CPU. Note that 
ACKs may stiti be transmitted when this bit is 0. 
1 s Transmission enat}fed 
0 ° Transmission disabled 


RxEnable 


1 


Enables ISI reception. This is cleared by receive errors and so 
needs to be restarted by the CPIT. 
1 = Reception enabled 
0 = Reception disabled 


AutoPing Enable 


2 


Enables auto-ping operation 
1 = auto-ping enabled 
0 = auto-ping disabled 


AcjtoMasterEnat}le 


3 


Enabfes the device to automatically become the ISIMaster if activ- 
ity is detected on USB endpoints2^. 
1 = auto^naster operation enabled 
0 = auto-master operation disabled 



12.6.4.1 1 .2 ISI status register 

The is/Status register is read-only to the CPU. Status bits are set by the relevant condition occurring and 
are cleared by writing to either the TxEnable or RxEnable bits of the ISICntrl register or the CPUISITx- 
Buff. 



Table 32. ISIStatus register 






FrameError 


0 


Framing error detected In the received padcet. This can be caused 
by an incorrect Start or Stop field or by bit stuffing errors 


RxError 


1 


A CRC error or flow control condition was detected in NumRe- 
MFes^l successive packets (excluding ping packets) 


RxBuffFuIl 


2 


There is no space remaining in the receive double buffer 


RxBuffOverflow 


3 


An overflow has occurred In the ISI receive buffer and a packet had 
to be dropped. 


CPUlSrrxBuffEmpty 


4 


The CPUISITxBuff Is empty 


TxError 


5 


Transmission error Receiving ISI device would not accept the 
transmitted packet Only set after NumRetries unsuccessful 
retransmissions (excluding ping packets). 
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12.6 All. 3 ISI mask register 

An intemipt will be generated in an edge sensitive manner i.'e the ISI will generate an isijcujrq pulse 
each time a status bit goes high and the corresponding bit of the ISIMask register is enabled. 



Table 33. ISIMask register 









FrameErrortntEn 


0 


(nterrupt enable mask bit for the FrameError status bit 


RxEiTorlntEn 


1 


Interrupt enable mask bit for the RxError status bit 


AxBuffFulIlntEn 


2 


Intemipt enable mask bit for the RxBuffFull status bit 


RxBuffOverflowlntEn 


3 


Interrupt enable mask bit for the RxBuffOverffow status bit 


CPUISirxBuffEmpty- 
IntEn 


4 


Intemipt enable mask bit for the CPUISUxBuffEmpty status bit 


TxErrorintEn 


5 


Interrupt enable mask bit for the TxError status bit 



12.6.4.11,4 CPUISITxBuffCntrl register 

The CPUISITxBuffCntrl register contains the header field for the packet in the CPUISI transmit buffer. 
Writing to this buffer validates the contents of the CPUISI transmit buffer i.e. each time the CPU places a 
packet in the CPUISI transmit buffer it must write the packet header to this register to initiate its transfer in 
to the SCB transmit buffer (see section 12.7). Note that the CPU is responsible for toggling the sequence 
bit of any long packets it wishes to transmit. The CPUISITxBuffEmpty status bit will be set when CPUTx- 
PktSize bytes have been transferred to the SCB transmit buffer. 



Table 34. CPUiSrrxBuffCntrl register 



m 






PktDesc 


2:0 


PktDesc field (as per Table 29} for the packet currently in the CPU- 
ISI transmit buffer. 


OestlSISubM 


3 


Indicates whk:h DMAChannet of the target SoPEC the data in the 
CPUISI transmit buffer is destined for: 

0 = DMAChannetO 

1 » DMAChannell 


DestiSlId 


7:4 


Denotes the IS lid of the target SoPEC as per Tabto 35 



12.7 SCB Mapping 

In order to support maximum flexibility when moving data through a multi-SoPEC system it is possible to 
map any USB endpoint onto either DMAChannel within any SoPEC in the system. A logical view of the 
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SCB is shown in Figure 37. This view differs from the likely implementation but it allows for a clearer 
depiction of data movement within the SCB. 



SCB 



CPUISI 
TxBuffer 



USB 
Host 



USB 

ControNer 



SCB 

Control 

Block 



CPU Subsystem Bus 



SCB 

TxBuffer 



SCB 
Map 



DMA 
Manager 



Rx 



ISI 



CPU 



ClU 



IsLdin 



-► isLdout 



Figure 37. SCB logical view 

The SCB map. and indeed the SCB itself is based around the concept of an ISUd and an ISISubld. Each 
SoPEC in the system has a unique ISIId and two ISISublds. namely ISISubldO and ISISubld 1 . We use the 
convention that ISISubldO corresponds to DMAChannelO in each SoPEC and ISISubldl corresponds to 
DMAChannelL The naming convention for the ISIId is shown in Table 35 below and this would corre- 
spond to a multi-SoPEC system such as that shown in Figure 27. We use the term ISIId instead of SoPE- 
Cld to avoid confusion with the unique ChipID used to create the SoPEC_id and SoPEC_id_key (see 
I chapter 1 7 and (9] for more details). 



Table 35. ISIId naming convention 









m 


mmmmm 


0 


ISIMaster (typically a SoPEC connected to the host via USBI , 1 ) 


1 - 14 


ISISlave1-14 


15 


Broadcast ISIId 



The combined ISIId and ISISubld therefore allow us to address any DMAChannel in the system. The ISI, 
DMA manager and SCB map hardware use the ISIId and ISISubld to handle the different data streams that 
are active in a multi-SoPEC system as does the software running on the CPU of each SoPEC. In this docu- 
ment we will identify DMAChannels as ISIx.y where x is the ISIId and y is the ISISubld, Thus ISI2.1 
refers to DMAChannell of ISISlaveZ Any data sent to a broadcast channel, i.e. ISU5.0 or ISI15.1. are 
received by every ISI device in the system including the ISIMaster (which may be an ISI-Bridge). 

The USB controller and software stacks however have no understanding of the ISIId and ISISubld but the 
Silverbrook printer driver software running on the host PC does make use of the ISIId and ISISubld. USB 
is simply used as a data transport - the mapping of USB endpoints onto ISIId and Subid is communicated 
from the host PC Silverbrook code to the SoPEC Silverbrook code through USB control (or possibly bulk 
data) messages i.e. the rasqjping information is simply data payload as far as USB is concerned. The code 
running on SoPEC is responsible for parsing these messages and configuring the SCB accordingly. 
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The use of just two DMAChannels places some limitations on what can be achieved without software 
intervention. For every SoPEC in the system there are more potential sources of data than there are sinks. 
For example an ISISlave could receive both control and data messages from the ISIMaster SoPEC in addi- 
tion to control and data from the host, either specifically addressed to that particular ISISlave or over the 
broadcast ISI channel. However all ISISlaves only have two possible data sinks, i.e. the two DMAChan- 
nels. Another example is the ISIMaster in a multi-SoPEC system which may receive control messages 
from each SoPEC in addition to control and data information from the host (e.g. over USB). In this case all 
of the control messages are in contention for access to DMAChannelO. We resolve these potential conflicts 
by adopting the following conventions: 

1) Control messages may be interleaved in a memory buffer: The memory buffer that the 
DMAChannelO points to should be regarded as a central pool of ccntrol messages. Every control 
message must contain fields that identify the size of the message, the source and the destination of 
the control message. Control messages may therefore be multiplexed over a DMAChannel which 
allows several control message sources to address the same DMAChannel. Furthermore, if SoPEC- 
type control messages contain source and destination fields it is possible for the host to send control 
messages to mdividual SoPECs over the ISI 15.0 broadcast channel. 

2 } Data messages should not be interleaved In a memory buffer: As data messages are typically 

part of a much larger block of data that is being transferred it is not possible to control their contents 
in the same manner as is possible with the control messages. Furthermore we do not want the CPU 
to have to perform reassembly of data blocks. Data messages from difTerent sources caimot be inter- 
leaved over the same DMAChannel - the SCB map must be reconfigured each time a different data 
source is given access to the DMAChannel, 

3 ) Every reconfiguration of the SCB map requires the exchange of control messages: The only 

active SCB map in a multi-SoPEC system is the SCB map in the ISIMaster as all ISISlaves auto- 
matically send data addressed to themselves to either DMAChannelO or I i.e. the ISI is the only 
source of incoming data in an ISISlave. The ISIMaster's SCB map reset state is shown in Figure 39 
and any subsequent modifications require the exchange of control messages between the ISIMaster 
and the host As the host is expected to control the movement of data in any SoPEC system it is 
anticipated that all changes to the SCB map will be performed in response to a request from the 
host. While the ISIMaster could autonomously reconfigure the SCB map (this is entirely up to the 
software running on the ISIMaster) it should not do so without informing the host in order to avoid 
data being mlsrouted. 

An example of the above conventions in operation is worked through in section 12.7.2. 




12.7.1 Host PC to ISIMaster SoPEC communication 

When considering SCB map configurations we always assume that the ISIMaster is a SoPEC device, in 
I particular the SoPEC connected to the USB bus (and receiving data on USB endpoint 2, 3 or 4), rather than 

an ISI-Bridge chip. ISI-Bridge chips are likely to have something similar to an SCB map and die following 
information should broadly apply to an ISI-Bridge but we focus here on an ISIMaster SoPEC for clarity. 

As the ISIMaster SoPEC represents the printer on the USB bus it is required by the USB specification to 
have a dedicated control endpoint, EPO. At boot time the ISIMaster SoPEC will also require a bulk data 
endpoint to facilitate the transfer of program code from the host PC. The simplest SCB map configuration, 
i.e. for a single stand-alone SoPEC, is sufficient for host to ISIMaster SoPEC communication and is shown 
in Figure 38. In this configuration all USB control information exchanged between the host and SoPEC 
over EPO (which is the only bidirectional USB endpoint). SoPEC specific control information (printer sta- 
tus, DNC info etc) is also exchanged over EPO. 

All packets sent to the host from SoPEC over EPO must be written into the EPO FIFO by the CPU. All 
packets sent from the host to SoPEC can be placed in DRAM by the DMA Manager (as is usually the 
case) or read directly by the CPU. This asymmetry is because in a multi-SoPEC environment the CPU will 
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need to examine all incoming control messages (i.e. messages that have arrived over DMAChannelO) to 
ascertain their source and destination (i.e. they could be from an ISISlave and destined for the host) and so 
the additional overhead in having the CPU move the short control messages to the EPO FIFO is relatively 
small. Furthermore we wish to avoid making the SCB more complicated than necessary, particularly when 
there is no significant performance gain to be had as the control traffic will be relatively low bandwidth. 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4.1.1 
through 12.4.1.4 



Source 


Sink 


EPO 


ISIO.O 


EP1 


isro.1 


EP2 


nc 


EP3 


nc 


EP4 


nc 



SCB 




Control and data 
from host 

Control Info from 

SoPEC 

Figure 38. Single SoPEC SCB nnap configuration and dataflow 

12.7.2 Broadcast communication 

An SCB configuration for broadcast communication is shown in Figure 39. This particular configuration is 
also the default, post power-on reset, configuration for the ISIMaster SoPEC. USB endpoints EP2 and EP3 
are mapped onto ISISublDO and ISISubldl of ISIIdl5 (the broadcast ISIId channel). EPO is used for con- 
trol messages as before and EPl is a bulk data endpoint for the ISIMaster SoPEC. Depending on what is 
convenient for the boot loader sofhvare, EPl may or may not be used during the initial program download, 
but EPl is highly likely to be used for compressed page or other program downloads later. For this reason 
it is part of the default configuration. In this setup the USB device configuration will take place, as it 
always must, by exchanging messages over the control channel (EPO). 

One possible boot mechanism is where the host PC sends the bootloaderl program code to all SoPECs by 
broadcasting it over EP3. Each SoPEC in the system then authenticates and executes the bootloaderl pro- 
gram. The ISIMaster SoPEC then polls each ISISlave (over the ISIx.O channel). Each ISISlave ascertains 
its ISIId by sampling the particular GPIO pins required by the bootloaderl and reporting its presence and 
stanis back to the ISIMaster. The ISIMaster then passes this infonnation back to the host over EPO. Thus 
both the host and the ISIMaster have knowledge of the number of SoPECs, and their ISIIds, in the system. 
The host may then reconfigure the SCB map to better optimise the SCB resources for the particular multi- 
SoPEC system. This could involve simplifying the default configuration to a single SoPEC system (Figure 
38) or remapping the broadcast channels onto DMAChannels in individual ISISlaves. 
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Figure 39. Default SoPEC SCB map configuration and dataflow 



The following steps are required to recoxifiguie the SCB map from the system depicted in Figure 39 to one 
where EP3 is mapped onto ISIl.O: 

1) The host PC sends a control message(s) to the ISIMaster SoPEC requesting that USB EPS be 
remapped to ISIl.O 

2 )The ISIMaster SoPEC sends a control message to the host PC informing it that EP3 has now been 

mapped to ISIl.O (and therefore the host knows that the previous mapping of ISIlS.l is no longer 
available through EP3). 

3 ) The host may now send control messages directly to ISISiavel without requiring any CPU interven- 

tion on the ISIMaster SoPEC 



12.7.3 Host PC - ISISIave SoPEC communication 

The defeult post-boot (as opposed to post-reset) SCB map configuration for an ISISIave SoPEC is to have 
all USB endpoints unconnected The ISI automatically forwards any data addressed to it (including broad- 
cast data) to the DMA with the appropriate ISISubld. If the ISIMaster is configured correctly (e.g. when 
the ISIMaster is a SoPEC, and that SoPEC 's SCB map is configured correctly) then data sent from the host 
destined for an ISISIave will be transmitted on the ISI with the correct address. If the ISISIave has data to 
send to the host it must do so by sending a control message to the ISIMaster identifying the host as the 
intended recipient. It is then the ISIMaster's responsibility to forward this message to the host. 

With this configuration the host can communicate with the ISISIave via broadcast messages only and this 
is the mechanism by which the bootloaderl program is downloaded. The ISISIave is unable to communi- 
cate with the host (or the ISIMaster) until the bootiloaderl program has successfully executed and the 
ISISIave has determined what its ISIId is. After the bootloaderl program (and possibly other programs) 
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has executed the SCB iiia,p of the I SIM aster insy be reconfigured to reflect the most Appropriate topology 
for the particular multi -SoPEC system it is part of. 

All commimication from an ISISlave to host is achieved by sending messages via the ISIMaster. The 
ISrSlave can never initiate communication to the host. If an ISISlave wishes to send a message to the host 
it may do one of two things: (a) wait until it is polled by the ISIMaster or (b) indicate in its ISI acknowl- 
edgement packet (sent in response to the reception of an ISI packet specifically addressed to that ISISlave) 
that it has a message to send. When the ISIMaster receives the message from the ISISlave it first examines 
it to determine the intended destination and will then copy it into the EPO FIFO for transmission to the 
host. The software running on the ISIMaster is responsible for any arbitration between messages from dif- 
ferent sources (including itselO that are all destined for the host. 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4.1.5 and 
12A1.6. 

12.7.4 ISIMaster - ISISlave communication 

AH ISIMaster - ISISlave communication takes place over the ISI. Immediately after reset this can only be 
by means of broadcast messages. Once the bootloaderl program has successfully executed on all SoPECs 
in a multi-SoPEC system the ISIMaster can conmiunicate with each SoPEC on an individual basis. 

If an ISISlave wishes to send a message to the ISIMaster it may do so in response to a ping packet from the 
ISIMaster. When the ISIMaster receives the message from the ISISlave it must interpret the message to 
determine if the message contains information required to be sent to the host. In the case of the ISIMaster 
being a SoPEC, software will transfer the iqjpropriate information into the EPO FIFO for transmission to 
the host. 

The above mechanisms are appropriate for the types of communication outlmed in sections 12.4.2.3 and 
12.4.2.4. 



12.7.5 ISISlave - ISISlave communication 

ISISlave to ISISlave communication is expected to be limited to two special cases: (a) when the PrintMas- 
ter is not the ISIMaster and (b) when a storage SoPEC is used. When the PrintMaster is not the ISIMaster 
then it will need to send control messages (and receive responses to these messages) to other ISI Slaves. 
When a storage SoPEC is present it may need to send data to each SoPEC in the system. All ISISlave to 
ISISlave conmiunication will take place in response to ping messages from the ISIMaster. 

12.7.6 SCB Map configuration registers 

The SCB map is configured by mapping a USB endpoint on to a data sink. This is performed on a endpoint 
basis i.e. each endpoint has a configiiration register to allow its data sink be selected. Mapping an endpoint 
on to a data sink does not initiate any data flow - each endpoint/data sink needs to be enabled by writing to 
the appropriate configuration registers in the USB controller/ ISI / DMA manager. 



Table 36. SCB Map configuration registers 




0x100 



0x104 



0x108 



USBEPODest 



USBEPIDest 



USBEP2De8t 



0x20 



0x21 



0x3E 



Thrs register determines which of the data sinks the 
data arriving in EPO should t}e routed to. 



Data sink for USB EP1 



Data sink for USB EP2 
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Table 36. SCB Map configuration registers 







1^^^ 






0x1 OC 


USBEP30est 


7 


0x3F 


Data sink for USB EP3 


0x110 


USBEP4Dest 


7 


0x23 


Data sink for USB EP4 



The same encoding is used for each of the USBEPnDest configuration registers and is described in 
Table 37. The ISIId register (see Table 30) allows the SCB map to identify data that should be routed to the 
DMA Manager as well as, or instead of, to the ISE. The SCB map therefore does not need special fields to 
identify the DMAChannels on the ISIMaster SoPEC as this is taken care of by the SCB hardware. Thus the 
USBEFODest and USBEPlDest registers should be programmed with 0x20 and 0x21 (for ISIO.O and 
ISIO. 1) respectively to ensure data arriving on these endpoints is moved directly to DRAM, 



Table 37. USBEPnDest register 



DestlSISubId 



DesUSIId 



ChannefEn 



SequenoeBit 



4:1 



Indicates which DMAChannei of the target SoPEC the endpoint is 
mapped onto: 

0 = DMAChannelO 

1 = DMAChannell 



Denotes the iSlId of the target SoPEC as per Table 35 



Enable bit for the DMAChannet: 

0 = Channel disabled 

1 = Channel enabled 



Sequence lor packets going from USBEPn lo Oe8tlStld.Destl* 
SISubld. Every CPU wn'te to this register initialises the value of the 
sequence bit and this is subsequently updated by the ISI after 
every successful long packet transrr^ssion. 



A SoPEC ISIMaster should map as many USB endpoints, under the control of the host, as are required for 
the multi-SoPEC system it is part of. As already mentioned this mapping may be dynamically reconfig- 
ured. 



12.7.7 SCB transmit buffer arbitration 

When the SCB transmit buffer has been emptied the SCB control logic will immediately seek to refill it 
As there may be data waiting in a USB endpoint FIFOs and in the CPUISI transmit buffer it may be neces- 
sary to arbitrate between these data sources. This arbitration is controlled by the SCBTxBuffArb register 
which contains a high priority bit for both the CPU and the USB. If only one of these bits is set then the 
corresponding source always has priority. Note that if the CPU is given absolute priority over the USB the 
software filling the CPUISI transmit buffer needs to ensure that sufficient USB traffic is allowed through. 
If both bits of the SCBTxBuffArb have the same value then arbitration will take place on a round robin 
basis. 

As the speed at which the SCB transmit buffer can be emptied is at least 5 times greater than it can be filled 
by USB traffic the double buffers used for each USB endpoint will not overflow using the above scheme in 
normal operation. There are a number of scenarios which could lead to the USB endpoints being tempo- 
rarily blocked such as the CPU having priority, retransmissions on the ISI bus, channels being enabled (cf. 
the ChannelEn bit of the USBEPnDest register) with data already in their associated endpoint FIFOs or 
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short packets being sent on the USB. Care should be taken to ensure that the USB bandwidth is efficiently 
utilised at all times. 



12.7.8 SCB Control Block 



The SCB control block is responsible for coordinating access to and between the various sub-blocks in the 
SCB, This includes translating between the CPU subsystem bus and the USB native bus protocol, moving 
data from the USB endpoint FIFOs into the SCB transmit buffer, moving data from the CPUISl'transmit 
buffer into the SCB transmit buffer and arbitrating between the CPU and itself for access to the SCB sub- 
blocks. 



Table 38. SCB control block configuration registers 




0x120 



WakeupEnafale 



0x124 



0x128 



SCBTxBuffArb 



SCBDebugSel 



10 



0x0 



0x0 



0x000 



This register {s used to gate the propagation of the 
USB and ISI reset signals to the CPR block- Active 
high. 

WakeUpEnable^O]: usb_cpr_feseLn contn^ 
WakeUpEnable(li: isLcpr_ieseL.nconXto\ 



Detemninea which source has priority when conten- 
tk>n arises in filling the SCBTxBuffer. When a bit is 
set priority Is gh«n to the relevant source. 
SCBTx8uffArb[0]: CPU priority 
SCBTxBuffArb[1]: USB priority 



Contains address of the register selected for debug 
observation as H would appear on cpu.adrfl 1 :2] 
The contents of the selected register are output in 
the scb^cpu__<iata bus while cpuLsc&Lse/is low and 
sctL_cpujctobug_vaIfcl\s asserted to Indicate the 
debug data Is valid. 

It Is expected that a numt>er of pseudo*regi5ters will 
be made availakrie for debug otiservation and these 
wiD be outlined with the Implementation details. 



12.8 DMA Manager 



The DMA manager manages the flow of data between the SCB and the embedded DRAM. Whilst the 
CPU could be used for the movement of data in a USBl . 1 enabled SoPEC a DMA manager is a more effi- 
cient solution as it will handle data in a more predictable fashion with less latency and requiring less buff- 
ering. Furthermore a DMA manager is required to support the ISI transfer speed and to ensure that the 
SoPEC could be used with a high speed ISI-Bridge chip in the future. 

The DMA manager uses two independent channels, one for each ISISubId, to control the movement of 
data. Both DMAChannels only support write operation and can transfer data from any USB endpoint and 
from the ISI receive buffer Data is moved at the soonest opportunity to do so and is always moved in 256- 
bit slices as required by the DIU. When it is not possible to use a 256-bit slice of data (e.g. at the end of a 
packet or for a short packet) the DMA manager will still use 256-bit access to the DIU. This means that for 
a DIU write (data incoming to the SoPEC) the DMA manager will pad the valid data with zeroes until a 
256-bit slice has been filled. 

The DMA manager handles all issues relating to byte/word/longword address alignment, data endianness 
and transaction scheduling. It arbitrates between data arriving from thc ISI and data arriving from a USB 
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endpoint on a round robin basis. The greater guaianteed bandwidth available to the DMA manager (50 
Mbit/s at the time of writing but this may need to be increased especially if a 4-wire ISI bus is used. See 
section 20.6 for more details) ensures that the DMA manager is non-blocking. 

While the DMA manager perfonns the work of moving data the CPU controls the destination and relative 
timing of dataflows to and from the DRAM. The management of the DRAM data buffers requires the CPU 
to have accurate and timely visibility of both the DMA and PEP memory usage. In other words when the 
PEP has completed processing of a page band the CPU needs to be aware of the fact that an area of mem- 
oiy has been freed up to receive incoming data. The management of these buffers may also be performed 
by the host. 

12.8.1 Circular buffer operation 

The DMA manager supports the use of circular buffers for both DMAChannels. Each circular buffer is 
controlled by 5 registers: DMAnBottomAdn DMAnTopAdr, DMAnMaxAdr, DMAnCurrWPtr and DMAnln- 
tAdr, The operation of the circular buffers is shown in Figure 40 below. 



Key: 




4— OMAnTopAdr 
^ DMAnlntAdr 



4— DMAnCurrWPtr 



DMAnMaxAdr 
IDMAnBottomAdr 



DMAnTopAdr 




DMAnMaxAdr 



^ DMAnlntAdr 



^ DMAnCurrWPtr 



DMAnBottomAdr 



(b) 



Filled buffer space (unprocessed data) 

Buffer space filled since last write to the DMAnlntAdr/DMAnMaxAdr registers 

Figure 40. Circular buffer operation 

Here we see two snapshots of the status of a circular buffer with (b) occurring sometime afler (a) and some 
CPU writes occurring in between (a) and (b). These CPU writes are most likely to be as a result of a fin- 
ished band inteuupt (which frees up buffer space) but could also have occurred in a DMA intemqjt service 
routine resulting from DMAnlntAdr being hit. The DMA manager will continue filling the free buffer 
space depicted in (a), advancing the DMAnCurrWPtr after each write to the DIU. Note that the DMACur- 
rWPtr register always points to the next address the DMA manager will write to. When the DMA manager 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 130 




SoPEC : Hardware Design 



reaches the address in DMAnlntAdr (i.e. DMACurrWPtr = DMAnlntAdr) it will generate an interrupt if the 
DMAnlntAdrMask bit in the DMAMask register is set. The purpose of the DMAnlntAdr register is to alert 
the CPU that data (such as a control message or a page or band header) has arrived that it needs to process. 
The Latemq}t routine servicing the DMA interrupt will change the DMAnlntAdr value to the next location 
that idata of interest to the CPU will have arrived by. 

In the scenario shown in Figure 40 the CPU has detennined (most likely as a result of a finished band 
intemipt) that the filled buffer space in (a) has been freed up and is therefore available to receive more 
data. The CPU therefore moves the DMAnMaxAdr to the end of the section that has been freed up and 
moves the DMAnlntAdr address to an appropriate offset from the DMAnMaxAdr address. The DMA man- 
ager continues to fill the free buffer space and when it reaches the address in DMAnTopAdr it wn^>s around 
' i to the address in DMAnBottomAdr and continues from there. DMA transfers will continue indefinitely in 
this fashion until the DMA manager reaches the address in the DMAnMaxAdr register. 

The circular buffer is initialised by writing the top and bottom addresses to the DMAnTopAdr and DMAn- 
BottotnAdr registers, writing the start address (which does not have to be the same as the DMAnBottomAdr 
even though it usually will be) to the DMAnCurrWPtr register and appropriate addresses to the DMAnln- 
tAdr and DMAnMaxAdr registers. The DMA operation will not commence until a 1 has been written to the 
relevant bit of the DMACkanEn register. 

. While it is possible to modify the DMAnTopAdr and DMAnBottomAdr registers after the DMA has started 
' it should be done with caution. The DMAnCurrWPtr register should not be written to while the 
DMAChannel is in operation. DMA operation may be stalled at any time by clearing the appropriate bit of 
the DMACkanEn register or by disabling an SCB mapping or ISI receive operation. 

12.8.2 DMA manager DRAM bandwidth requirements 

The DIU must guarantee the SCB enough bandwidth to ensure that neither a USB endpoint FIFO nor the 
ISI receive buffer can overrun. For example, to facilitate bursty 32 Mbit^s transfers a SoPEC with a 64- 
byte ISI receive buffer would need to be able to transfer 256 bits every 1280 cycles (@160 MHz), This is 
in addition to the USB transactions targeted at the ISIMaster SoPEC which may be in the region of 8-9 
Mbit/s. While USB has a backpressure mechanism SoPEC should strive to obtain optimum USB band- 
width utilization and so USB backpressuring should oiily be used as a last resort The DIU currently guar- 
antees SO Mbit^s to the SCB and more bandwidth will be available when other DIU requestors do not take 
their slots. This is sufficient for the SCB's requirements. 

1 2.8.3 DMA manager configuration registers 

All of the circular buffer registers are 256-bit word aligned as required by the DIU. The DMAnBottomAdr 
and DMAnTopAdr registers are inclusive i.e. the addresses contained in those registers form part of the cir- 
cular buffer.The DMAnCurrWPtr always points to the next location the DMA manager will write to so 
interrupts are generated whenever the DMA manager reaches the address in either the DMAnlntAdr or 
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DMAnMaxAdr registers rather than when it actually writes to these locations. It therefore cannot write to 
the location in the DMAnMaxAdr register. 



Table 39. DMA Manager Configuration Registers 























0x200 


OMAOBonomAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
bottom of the drcutar buffer serviced by 
DMAChannelO 


0x204 


DMAOTopAdr 


17 


0x0.0000 


The 256-bit atigned DRAM address of the 
top of the circular buffer serviced by 
DMAChannelO 


0x208 


OMAOCurrWPtr 


17 


0x0^0000 


The 256-tMt aligned DRAM address of the 
next location DMAChannetO will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamically updated by 
the DMA manager during the operation. 


0x20C 


OMAOIntAdr 


17 


0x0.0000 


The 256^ aligned DRAM address of the 
location that will trigger an interrupt when 
reached by DMAChannetO buffer. 


0x210 


OMAOMaxAdr 


17 


OxOJXXX) 


The 256-t)it atigned DRAM address of the 
last free location in the DMAChanneK) circu- 
lar buffer The DMAChannelO transfers will 
stop when H reaches this address. 


0x214 


OMAOSeqBit 


1 


0x0 


Sequence bit for DMAChannelO. This bH may 
be initialised by the CPU but is updated tiy 
the ISI each time an error-free long packet is 
received. 


0x218 


DMAIBotlomAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
tx>ttom of the dicular buffer serviced liy 
DMAChannetl 


0x21 C 


DMAITopAdr 


17 


0x0.0000 


The 256-bit cUigned DRAM address of the 
top of the circular buffer serviced by 
DMAChanneH 


0x220 


DMAICurrWPtr 


17 


0x0.0000 


The 256^t atigned DRAM address of the 
next location DMAChannell will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamicalty updated by 
the DMA manager during the operation. 


0x224 


DMAllntAdr 


17 


0x0.0000 


The 256-btt aligned DRAM address of the 
location tfiat will trigger an intemjpi when 
reached by DMAChannell buffer. ' 


0x228 


DMAlMaxAdr 


17 


0x0.0000 


The 256-bit aligned DRAM address of the 
last free location in the DMAChannell circu- 
lar buffer. The DMAChannell transfers wiQ 
stop when it reaches this address. 


0X22C 


DMAISeqBit 


1 


0x0 


Sequence bit for DMAChannell . This bit may 
be initialised by the CPU but is updated by 
the 131 each time an error-free long packet is 
received. 


0x230 


DMAChanEn 


2 


0x0 


Enal)le DMA operation on a per channel 
basis. Acth/e high. 

DMAChanEn[0]: Enable DMAChannelO 
DMAChanEn[1]: Enable DMAChannell 
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Table 39. DMA Manager Configuration Registers 




DMAStatus 



0x0 



DMA status register. See section 12.8^.1. 
This register is Readonly. 



0x238 



DMAMask 



0x0 



DMA mask register. See section 12.8.3.2 



f 2.8.3. f DMAStatus register 



The contents of tiie DMAStatus register are read-only to the CPU. The status bits are not sticky bits i.e. 
they reflect the 'live' status of the channel. Status bits may only be cleared by writing to the relevant 
DMAnlntAdr or DMAfMaxAdrreg^CT. 

Table 40. DMA Status Register 









DMAChannerolntAdiHit 


0 


DMAChannetO has reached the address contained in the 
DMAOfntAdr register 


DMAChartnetOMaxAdrHit 


1 


DMAChannetO has reached the address contained in the 
DMAOMaxAdr register 


DMAChannell IntAdrHit 


2 


DMAChannell has reached the address contained in the 
OA£4t/nt4tfr register 


DMAChanneil MaxAdrHit 


3 


DMAChannell has reached the address contained in the 
DMAIMaxAdrreQls^r 



1Z8.3.2 DMAMask register 

All bits of the DMAMask are both readable and writable by the CPU. The DMA manager cannot alter the 
value of this register. All intemipts are edge sensitive i.c the DMA manager will generate a dmajcu^irq 
pulse each time a status bit goes high and the corresponding mask bit is enabled. 

Table 41. DMA Manager Mask Register 









OMAChannelOlntAdrHitMasIc 


0 


1 s Generate an tnterrufit when the DMAChannelOlntAdrKit status 
bit goes high 

0 = Do not generate an interrupt when the DMAChannelOlntAdrHit 
status bit goes high 


DMAChannelOMaxAdrHitMask 


1 


1 s Generate an interrupt when the DMAChannelOMaxAdrKit status 
t>it goes high 

0 s Do not generate an interrupt when the OMAChannelOMaxAdrHlt 
status t>it goes high 


DMAChannell IntAdrHftMask 


2 


As per DIMAChannelOlntAdrHitMask 


DMAChannellMaxAdrHitMasIc 


3 


As per DMAChannelOMaxAdrHitMask 



12.9 SCB Implementation 



This section is still a work in progress - the information here should be ignored as it refers to an earlier ver- 
sion of the SCB 
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dmauicujiq 



trsbi_tx_en 



usb„t3(_dp 



usf)_tx_dni 



usb_rx 



usbncd] 



fs&_n(_di 



^ us5-teu_irQ 
us ^cpflreset_n 



^ isi_jcu_ifq 
t ^cpr.reset_n 



DMA 
Manager 



dma_cpu_data 



scb_diu_wreq 





diu_scb_wack 


— : — ► 


scbjdiu %vvalid 




8cb diu rreq 


— i — p 


4 


dtu_scb_fack 


— ! — > 


^ 


<fiu_scb_rvalid 


• 


scb d(Lr wadr < 




scb_diu_radr 






scb^diu.data 






diu_data 





dma_cpu_cntrt 



dma_sct)s_data 



6cbs_dma_data 



dma_scbs_cntrt 



USB 



usb_scbs,data 
usb. .cntrl 



ISI 



isLscbs_data 



scbsJsLdata 



isl_scfas_cntrl 



CPU 

Subsystem 
Interface 



U 



ORAM 



cpu_scb_^el 



CPU, fwn « 



7^ 



sct)_cpu^benr " 



, cpu_adf T 



^ cpLj_dataQut 



CPU 
Block 



SCB 
Switch 
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Characteristics of the data channels: 

USB: Packets should be moved sequentially out of the endpoint FIFOs. The USB is the slowest compo- 
nent in the SCB but its bandwidth is most precious. However both the DMA and IS! can transfer data (50 
and 40 Mbps respectively) much faster than the USB can receive data (12 Mbps peak rate) so no flow con- 
trol problems will occur due to a speed mismatch. If one of the DMA or ISI data sinks becomes blocked or 
inactive then the USB controller will assert backpressure (by NAKing packets) when the double buffer for 
the associated endpoint is filled Other endpoints will remain active in this scenario and the DMA and ISI 
will still be able to transfer data at their peak rates. The worst case scenario is when all endpoints have 
their double buffers filled (because all the data sinks had been blocked/disabled) and then all data sinks 
become available agaia In this case die backlog will be fiilly cleared in 3 USB 64-byte packet times. 

ISI: The ISI can support simultaneous reception and transmission of packets, ISI packets should be trans- 
ferred sequentially in either direction. The ISI is expected to handle the packet header and trailer, if any is 
used for error detection, in both directions i.e. only raw payload data is routed through the SCB map. 

DMA: The DMA channels are unidirectional but their direction, namely whether they are transferring 
data to or from DRAM, is programmable. Each DMA transaction to DRAM will be 256 bits wide but all 
256 bite are not always valid. When a transfer of less than 256 bits is required the DMA manager pads the 
remaining bits in the 256-bit word with zeroes, in the case of a write to DRAM, or discards the unnecces- 
saiy bits in the case of a DRAM read. Can we get by with single (256 bits each way or maybe even 256 
bits in all ?) buffering for the DRAM manager 7 
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dma_scbs_data 



scbs_dnia.data 



dma_8cb8.cntrl 



usb.scts.data 



usb^scb3_cntri 



lsl_8cbs_data 



scbsjsi_jdata 



lsLscbs_cntri 



DMA 
l/f 



USB 



iSI 
i/f 



dma_dout_rdy_idl1 :0] 
dma_dout ^ 



dnna_dout_valid 



dma_din,fdy 



dma_dm^ld[1:01 



dma_dln 



r- 



dma_d!n_yalid 



usb_ep.fdy[2:0] 



u8b.rx.data 



usb_datflL-va«d 



lsLdata_rdy_ldf5K)J 





-f— 

lsLfx_data 






lsL'x_data_valid 






isLtx_rdy 


— ► 




isLt)e<lata_Ki[4:01 






isl_tLjdata ^ 




4- 


isi.tec'ata.valid 





CPU 
Subsystem 
Interface 



Switch 
Logic 



Figure 41. SOB Switch block diagram 



SCB Switch pseudocode: 

const no_data.sinks = 12 

for i = 1 to no.data.sinks 
if (i <- 2) then 

sinJcdata is draa^din 
sinJc_rdy is dnia_din_rdy 
sinlc_data_valid is dma^din^valid 
sink^id is dina_din_id 
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-else 

sink_data is isi_tx_data 
sink^rdy is isi_tx_rdy 
sink_dattt_valid is isi_tx_data_valid 
sink^id is is i_tx_data_id 

if (daca_src_reg(il i= 0) then // Each data sink has an associated data source 

// register. A non-zero value means the sink is enabled 
if ((data_flrc_regCi) & OxFO) == 0x10) then // A USB endpoint is the data source 
if ((usb_ep_rdy[4] == 1) AND (usb_ep_rdy [3 :0) data_src_reg( i ) [3 : 0] ) ) then 

// there is data waiting in the EP FIFO 
while ( {usb_data_valid «== 1) AND (sink^rdy == 1) AND clocktick) 
fiink_data = usb_rx_data 
sink_data_valid = I 

if <i <= 2) then // The sink is a DMAChannel 
fiink_idUl = 1 
sink^idCO] = i -1 
else // The sink is an isi channel 
sink_id(5I = 1 
Sink_idt4:01 = i -1 
else // There is no data read|y to go 
sin}c^data_valid = 0 

elsif (data^srcreg & OxFO) 0x20) then // The ISI is the data source 

if <isi_data_r4y.id[3:0J data_src_regli) [3 : 0) > then // there is data waiting 

// in the ISI receive FIFO for this ISISubId 
while ((isi_rx-data_valid == 1) AMD (sink.rdy 1) AND clocktick) 
sink_data = isi_rx_data 
sink_data_valid = 1 

if <i <= 2) then // The sink is a DMACaiannel 
sink_idI13 = 1 
sin}^id(0] « i -1 
else // The sink is an ISX channel 
sink_idt5] = 1 
sink_idC4:0] « i -3 
else // There is no data reacly to go 
sinku_data^valid = 0 

elsif (data_src.reg & OxFO) == 0x30) then // The TOSA is the data source 

if (dma.dout_r<^_idC0) data.src^regril (0) ) then // there is data waiting 

// in the relevant DMA buffer for this sink 
while ( (dina_dout_valid 1) AND (8ink_Tdy I) AND clocktick) 
sink_data = dma^dout 
si nk_data_ valid = 1 

if (i <= 2) then. // The sink is a I»iA channel 
sink_id(lj s i 
sink_id[0) = i -1 
else // The sink is an ISI channel 
sink_id[51 = 1 
sink_id(4;01 = i -3 
else // There is no data ready to go 
sin]^data.valid » o 



The above pseudocode has a few shortcomings, particularly if all our data buses are not the same size, but 
it shows the basic functionality the switch is supposed to offer The main loop of the pseudocode (for i •= 1 
to no_data_sinks) dictates what happens within one timeslot. The timeslots take as long as required to 
complete and loop around endlessly. The msb of the usb__ep_rdyf4:0J, isi_data_rdyjd[5:0] and 
dma_dout_rdyjd[l:0] signals is used to indicate that data is available in the relevant block. 
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13 General Purpose lO (GPIO) 

13.1 OVEE^EW 

The General Purpose lO block (GPIO) is responsible for control and interfacing of GPIO pins to the rest of 
the SoPEC system. It provides easily programmable control logic to simplify control of GPIO functions. 
In all there are 14 GPIO pins of which certain pins have special functions, their functions are detailed as: 

• 4 Motor control lOs internally pulled down 

• 4 General puipose high drive pulsed lOs capable of driving LEDs. 

• 4 Open drain lOs used for LSS interfaces 

• 2 Normal drive lOs used for the ISI interface in Multi-SoPEC mode 

Each of the pins can be configured in either input or output mode, each pin is independently controlled. A 
programmable de-glitching circuit exists for all input pins. Each input is a schmidt trigger to increase noise 
immunity should the input be used without the de-glitch circuit. The mapping of die above functions and 
their alternate use in a slave SoPEC to GPIO pins is shown in Table 42 below. 



Table 42. GPIO pin functionality 







gpio(3:0] 


Motor controJ pins / general purpose iO 


flptot7:41 


LED driver pins / g^neraJ purpose lO 


gpk)[11:8] 


LSS interface pins / general purpose lO 


gpio[13:12) 


ISI interface pins / general purpose lO 



1 3.2 Motor control 

The motor control pins can be directly controlled by the CPU or the motor control logic can be used to 
generate the phase pulses for the stepper motors. The controller consists of two central counters from 
which the control pins are derived. The central counters have several registers (sec Table 44) used to con- 
figure the cycle period* the phase, the duty cycle » and counter granularity. 

There are two motor mastCT counters (0 and I) with identical features. The period of the master counters 
are defined by the MotorMasterClkPeriodfl :0] and MotorMasterCIkSrc registers i.e. both master counters 
are derived firom the same MotorMasterClkSrc. The MotorMasterClkSrc defines the timing pulses used by 
the master counters to determine the timing period. The MotorMasterClkSrc can select clock sources of 
\\xSy\ OO^s^ 1 0ms and pclk timing pulses. 

pie MotorMasterCIkPeriodfL OJ registers arc set to the number of timing pulses required before the tim- 
ing period re-starts. Each master counter is set to the relevant MotorMasterClkPeriod value and counts 
down a unit each time a timing pulse is received. 

The master counters reset to MotorMasterClkPeriod value and count down. Once the value hits zero a new 
value is reloaded fsom the MotorMasterCIkPeriodfLOJ registers. This ensures that no master clock glitch 
is generated when changing the clock period. 

Each of the lO puis for the motor controller are derived from the master counters. Each pin has indepen- 
dent configuration registers. The MotorMasterClkSelect[3:0J registers define which of the two master 
counters to use as the source for each motor control pin. The master counter value is compared with the 
configured MotorCtrlHigh and MotorCtrlLow registers. If the count is equal to MotorCtrlHigk value the 
motor control is set to 1, if the count is equal to MotorCtrlLow value the motor control pin is set to 0. 

This allows the phase and duty cycle of the motor control pins to be varied at pclk granularity. 
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The motor control generators can be paused at the end of a clock period by setting the MotorMasterClock- 
Enable register to zero. This allows the CPU to re-configure the motor controller without causing a glitch 
on the output pins. 



13.3 LED CONTROL 

LED lifetime and brightness can be improved and power consumption reduced by driving the LEDs with a 
pulsed rather than a DC signal. The source clock for each of the LED pins is a 7.8kH2 (I28^s period) 
clock generated from the 1 us clock pulse from the Timers block. The LEDDutySelect registers are used to 
create a signal with the desired waveform. Unpulsed operation of the LED pins can be achieved by using 
CPU 10 direct control. By default the LED pms are controlled by the LED control logic. 

Master Clock | [ 

LEODutySetect =0 | | ^ 

LEODirtySelect =1 | | 

LEODutySetect =2 J I 

l£ODutySefects3 | " j 

LEDDutySelect »4 I j 

LEDDutySelect b5 j j" ~ 

LEDDutySelect b6 | P ' 

LEDDutySelect s7 j j 



Figure 42. Duty Cycle Select 



13.4 LSS INTERFACE VIA GPIO 

In some SoPEC system configurations one or more of the LSS interfaces may not be used. Unused LSS 
interface pins can be reused as general lO pins by configuring the CpuIOCtrl register. When a bit in the 
CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the pin is controlled 
by the LSS block. By default the LSS controls the GPIO pins 1 1 to 8. 

1 3.5 ISI INTERFACE VIA GPIO 

In Multi-SoPEC mode the SCB block (in particular the ISI sub-block) requires direct access to and from 
the gpio[12] and gpio[I3] pins. Control of the ISI interface pins is detemiined by the CpuIOCtrl register 

When a bit in the CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the 
pin is controlled by the ISI block directly. By default the pins are directly controlled by the ISI block. 

In single SoPEC systems the pins can be re-used by the GPIO. 

1 3.6 CPU GPIO CONTROL 

The CPU can assume direct control of any (or all) of the ID pins individually. On a per pin basis the CPU 
can turn on direct access to the pin by setting the CpuIOCtrl register. Once set the lO pin assumes the 
direction specified by the CpuIODirection register. When in output mode the value in register CpuIOOut 
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will be directly reflected to the output driver. When in input mode the status of the input pin can be read in 
either the direct version or a de-glitched fonn, by reading CpuIOIn and CpuIOInDeglitch respectively. 
When writing to the CpuIOOut register the top bits of the register (bits 29 to 16) are used to filter access to 
the lower bits (13 to 0). 



13.7 Programmable de-glitching logic 

Each 10 pin can be filtered through a de-glitching logic circuit. The circuit can be configured to sample the 
lO pin for a prcdetennined time before concluding that a pin is in a particular state. The exact sampling 
length is configurable, but each GPIO pm must use one of two possible configured values (selected by 
DeGlitchSelect). The sampling length is the same for both high and low states. The DeGlitchCount is pro- 
grammed to the number of system time units that a state must be valid for before the state is passed on. 
The time units arc selected by DeGlitchClkSei and can be one of 1 >is, 1 OOns, 1 0ms and pclk pulses. 
For example if DeGlitchCount is set to 1 0 and DeGlitchClkSei set to 3, then an input pin (one of gpiof 1 3 
to OJ) must consistently retain its value for 10 system clock cycles (pclk) before the input state will be 
propagated from CpuIOln to CpuIOInDeglitch, 

13.8 Interrupt generation 

Any of the GPIO pins can generate an intem^rt ftom the raw or deglitched version of the input pin. There 
are 14 possible intemipt sources ftom tfie GPIO to the intermpt controUer, one interrupt per input pin. The 
InterruptSrcSelect register determines whether the raw input or the deglitched version is used as the inter- 
rupt soiu^. 

The interrupt type, masking and priority can be progranuned in the interrupt controller. 

1 3.9 Frequency analyser 

The frequency analyser measures the duration between successive positive edges on an input pin and 
rqioits the last period measured (FreqAnoLastPerioci) and a nmning average period (Fr^qAnaAverage), 

The running average is updated each time a new positive edge is detected and is calculated by 
FreqAnaAverage = ( FreqAnaAverage / 8 ) * 7 + FreqAnaLastP^riod 1 8. 

The analyser can be used with any input pin (or its deglitched form), but only one pin at a time can be 
selected The pin is selected by the FreqAnaPinSeiect and its deglitched form can be selected by 
FyeqAnaPinFormSelect 
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13.10 Implementation 



13.10.1 Definitions of I/O 

Table 43. I/O definition 



Clocks and Resets 



pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active k>w 


tim_pulse[2:0] 


3 


In 


Timers block generated timing pulses. 

0 - 1 iis putso 

1 ' 100 liS pulse 

2 - 10 ms pulse 


CPU Interface 


cpu_addr{7:2] 


6 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for this block 


cpu_dataouti31 .-0] 


32 


In 


Shared write data bus from the CPU 


gplo_cpu_dataI31 :0J 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_gpio_sel 


1 


In 


Block select from the CPU. When cpu_gpto^sef \s high both 
cf>u_addran6 cpu_dataoutare valid 


Spi6.cpu_rdy 


1 


Out 


Ready signal to the CPU. When gpiojcpu_tdy is high It Indi- 
cates the last cyde of the access. For a write cyde this means 
cp<cd^fiBO<if has been registered by the GPIO block and for a 
read cyde ttils means the ciata on gplojcpiLjIata Is valkJ. 


gpio_cpu_berf 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


OPk>_cpu_debugL.vaIid 


1 


Out 


Debug Data valid on spAOLcpu.data bus. Active high 


cpu.acode[1:0] 


2 


In 


CPU Access Code signals. These decode as foOows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


lO PCns 


9plo_o[13:0] 


14 


Out 


General purpose lO output to lO driver 


gpioJI13K)J 


14 


In 


General purpose lO input from lO receiver 


gpio_e{13:0] 


14 


Out 


General purpose lO output control. Active high driving 


GPIOtoLSS 


lss_gpk>.do(1 :0] 


2 


In 


LSS txis data output 
BitO-LSSbusO 
Bit 1 • LSS bus 1 


gpio_lss_di[1:0] 


2 


Out 


LSS bus data input 
Bit 0 - LSS bus 0 
Sit 1 - LSS bus 1 


lssjpio_e(l:OJ 


2 


In 


LSS bus data output enable, active high 
Bit 0 • LSS bus 0 
Bit 1 . LSS bus 1 


'sS-flPto_clk(1X>| 


2 


In 


L^S bus dock output 
BitO-LSSbusO 
Bit1 -LSS bus 1 


GPIO to ISf 
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Tabfe 43. I/O definition 











Qp(ojsi_din[1:0] 


2 


Out 


Input data from lO receivers to ISI. 


isLgpio_dout{1.-0J 


2 . 


In 


Data output fn>m ISI to lO drivers 


isi-flpio_e[1:0J 


2 


fn 


GPJO ISI pins output enable (active high) from ISI Interface 


Interrupts 


gpio_icuJrqri3:0J 


1^ 


Out 


GPIO pin Interrupts 


Debug 


tlebug_data_out(1 6:3] 


14 


In 


Output debug data to be muxed on to the GPIO ptns 


debug_cntri[16:3] 


14 


In 


Control signal for each GPIO bound debug data line indicating 
whether or not the debug data should be selected by the pin 
mux 



13.10^ Configuration registers 

The configuration registers in the GPIO are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70 for a description of the protocol and timing diagrams for reading and writing registers in the 
GPIO. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the GPIO. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s) of gpio_pcu_data. Table 44 lists the configuration registers in the GPIO block 



Table 44. GPIO Register t^flnltion 











CPU lO Control 


0x00 


CpiflOCtri 


14 


0x0000 


Indicates whether each lO pin is directly control- 
led tiy the CPU or not 

0 - Default Control 

1 - CPU Control 


0x04 


CpulOUserModeMask 


14 


0x0000 


User Mode Access Mask to CPU GPIO control 
register. When 1 user access is enabled. One 
bit per gpio pin. Enables access to Qx/ZOO/mc- 
tton, CputOOut, CpuiOin and CputOtnDegfitch 
in user nrK>de if CpulOCMaAlows CPU access. 


0x08 


CpurOSuperModeMask 


14 


0X3FFF 


Supervisor Mode Access Mask to CPU GPIO 
control register. When 1 supervisor access is 
enabled. One bit per gpio pin. Enables access to 
CputOOimction, CputOOut, QjuiOln and Cpuf- 
OInDegtitch in supervisor mode if CpulOCtrt 
allows CPU access. 


OxOC 


CpulODirectton 


14 


0x0000 


Indk:ates the direction of each tO pin. when con- 
trolled by the CPU 

0 - Indicates Input Mode 

1 - Indicates Output Mode 
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Table 44. GPIO Register Definition 



^^^^^^ 
0x10 










CpulOOut 


30 


0x0000 
-.0000 


Value used to drive output pin in CPU direct 
mode. 

bttsi 3:0 - Value to drive on output GPIO pins 
trits 15:14 - Reserved, (Read as zero atways) 
bits 29:16 ■ Write enabfe mask for bit8l3:0. 0 
enables write. 1 ntasks ttie write. (Read as zero 
always) 


0x14 


CpuIOtn 


14 


Exter- 
nal ptn 
vafue 


Value received on each input pin regardless of 
mode. Read Only register 


0x18 


CpulOlnDegfltch 


14 


0x0000 


Degtitched version of CpufOin register. Note 
that after reset this register will reflect the exter- 
nal pin values 256 pc0r cycles after they have 
stabilized. Read Only register. 


1 Oeglttch contrt 




1 0x20^24 


OeQlitchCount[1:0] 


2x6 


OxFF 


De-glitch circuit sample count in DeGtitchakSrc 
selected units for pins opio[13:0) 


1 0X28-2C 


OeGritchClkSrcflrO] 


2x2 


0x3 


Speofies the unit use of the GPIO deglitch ctr* 
cults: 

0 - 1 ^s pulse 

1 - 100^ pulse 
2- 10 ms pulse 


1 0x30 . 


DeGlftctiSelect 


14 


0x000 


Specifies which deglhch count (OeGAIte/iCdunO 
and unit select (DeGUtchOkSn^ should be used 
to deglitch each GPIO pin 

0 • Spedffes DeGiitehCountlOJand DeGlttchak* 

Src[0] 

1 • Spedfies D9GlitchCount[1]Bn6 DeGtitchCfk- 
Src(l] 


1 Motor Control 


0x34 


MotoffCtrlUsefModeEnabte 


1 


0x0 


User Mode Access enable to Motor control con- 
figuration registers. When 1 user access Is ena- 
bled. 

Enat}Ies user access to MotorMasterCfkPeriod, 
MotorMasterCtkSrc, MotorOutySeiect, Motor- 
PhaseSelect, MotorMasterCkxkEnabte and 
MotorMasterClkSelect registers 


0x38 to 0x30 


MotorMasteiClkPeriodtl .-OJ 


2x16 


0x0000 


Specifies the motor controller master dock peri- 
ods in MotorMasterCikSrc selected units 


0x40 


MotorMasterClkSrc 


2 


0x0 


Specifies the unit use t>y the motor controller 
master ck>ck generator: 

0 - 1 |is pulse 

1 - 100 (is pulse 

2 - 10 ms pulse 
3*pc/J^ 


0x44 to 0x50 


MotorCtriHigh[3:0] 


4x16 


0x0000 


Specifies the k>w to high transition point in the 
clock penod for each motor control pin. 


0x54 to 0x60 


MotorCtrlLow[3:0] 


4x16 


OxFFFF 


Specifies the high to low transition point in the 
clock period for each motor control pin. 
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Table 44. GP(0 Register Definition 













0x64 to 0x70 


MotorMasterClkSelect(3:0] 


4x1 


0x0 


Specifies wt^ich motor master dock should be 
used as a pin generator source 

0 - Clock derived from MotorMastBtCfotkPe- 
riod[0] 

1 -Clock derived from MotorMastorCfockPO' 
riodfl] 


0x74 


MotorMasterClockEnable 


2 


0x0 


BnabUe the motor master dock counter. When 1 
count is enabled 

Bit 0 - Enable motor master dock 0 
Bit 1 - Enable motor master dock 1 


LED control 


0X78 


LEOCtriUserModeEnable 


4 


0x0 


User Mode Access enable to LEO control con< 
figuratkjn registers. When 1 user access is ena- 
bled. 

One bit per LEDDufySe^ select register. 


0x7C to 0x86 


LEDDutySelect(3:0) 


4x3 


0x0 


Specifies the duty cyde for each LED pin.See 
Rgure 42 for encoding details. The LEDDvtySe- 
lBGtl3:0} registers determine the duty cyde of 
the gpii^:4]pinQ 


Fre<{uency Analyser 


Qx8C 


FreqAnaPinSelect 


4 


0x00 


Selects which GPIO input shouki be used for the 
frequency analyses. 


0x90 


FreqAnaPinFormSelect 


1 


0x0 


Selects if the frequency analyser shoukJ use the 
raw Input or the deglHched form. 

0 - Deglitched form of Input pin 

1 • Raw form of input pin 


0x94 


ReqAnaLastPeriod 


16 


0x0000 


Frequency Analyser last period of selected input 
pin. 


0x98 


FireqAnaAverage 


16 


0x0000 


Requency Analyser average period of selected 
input pin. 


Ox9C 


FreqAnaCountlnc 


20 


0x0000 
0 


Frequency Analyser counter increment amount 
For each dock cyde no edge is detected on the 

selected input pin the accumlator Is Incremented 
by this amount- 


Miscellaneous 


OxAO 


imerruptSrcSelect 


14 


0x000 


Interrupt source select 1 bit per GPIO pin. 
Determines whether the interrupt source is 
direct form the input pin or the deglitched ver- 
sion 

1 - Input pin direct 

0 " Deglitched Input pin 


0xA4 


OebugSeiect 


6 


0x00 


Debug address select lndk:ates the address of 
the register fo report on the gpio__cpu_data bus 
when It is not otfierwvise being used. 


OxASOxAC 


MotorMaste rCount 


2x16 


0x0000 


Motor master dock counter values. 

Bus 0 - Master dock count 0 

Bus 1 - Master dock count 1 | 

Read Only registers | 
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13. 10.2. 1 Supervisor and user mode access 

The configuration registers block examines the CPU access type (cpu_acode signal) and determines if the 
access is allowed to that paxticular register, based on configured user access registers. If an access is not 
allowed the GPIO will issue a bus error by:asserting the gpiojcpujierr signal. 

Access to the CpuIODirection, CpuIOOut, CpuIOIn and CpuIOInDeglitch is filtered by the CpuIOUser- 
ModeMask and CpuIOSuperModeMask registers. Each bit masks access to the corresponding bits in the 
CpuIO* registers for each mode, with CpuIOUserModeAfask filtering user data mode access and CpuIO- 
SuperModeMask filtering supervisor data mode access. 

The addition of the CpuIOSuperModeMask register helps prevent potential conflicts between user and 
supervisor code read modify write operations. For example a conflict could exist if the user code is inter- 
rupted during a read modify write operation by a supervisor ISR which also modifies the CpuIO^ registers. 

An attempt to write to a disabled bit in user or supervisor mode will be ignored, and an attempt to read a 
disabled bit returns zero. If there are no user mode enabled bits then access is not allowed in user mode 
and a bus error will result Similarly for supervisor mode. 

When writing to the CpuIOOut register, bits 29 to 16 are used to mask the write to the CpuIOOutfI3:0J, If 
the mask bit is zero the write is active to corresponding CpuIOOut pin. otherwise the write to that pin is 
ignored. 

The pseudocode for determining access to the CpuIODirection register is shown below. Similar code could 
be shown for the CpuIOOut^ CpuIOIn and CpuIOInDeglitch registers. 

if (cpu_acode == SUPERVISOR_DATA^M<M>E) then 
// supervisor mode 

if (CpuIOSuperModeMask [13:0] err Q ) then 
^ // access is denied* and bus error 

gpio_cpu_berr = 1 
els if (cpu_rwn i) then 
// read mode 

gpio_cpu_data (13:01 ^ ( CpuIOOut (13 :0) & CpuZ0SuperModeHask(13:0] ) 
else 

// write mode, filtered by mask' 

inask(13:0] = -(cpu_dataout (29 : 16) ) & CpuIOSuperModeMask ( 13 :0) 

CpuIOOuttl3:03 = (( cpu_dataout (13:0) & mask (13:0) ) | 
( CpuIOOut (13:0) & --(maskdStO]])}) 
elsif (cpu^acode == USER.J>ATAJKODE> then 
// user datamode 

if (CpuIOaserModeMask(13:0) == 0 )' then 

// access is denied, and bus error 

gpio_cpuJberr e i 
elsif (cpu_rvm == 1) then 

// read mode, filtered by mask' 

gpio_cpu_data = ( CpuIOOut (13 :0] & CpulOUs er ModeMask 113 :0) ) 
else 

// write raode« filtered by mask 

inask(13:0] = -(cpu.dataout(29:16) ) & CpuI0UserKodeHask{13:0] 

CpuIOOut ( 13 :0J = (( cpu_dataout(13:01 & mask(13:0) > | 
( CpuIOOut (13:0) & -(na5k(13:0))))) 

else 

// access is denied, bus error 
«rpio_cpu_berr = 1 
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Table 45 details the access modes allowed for registers in the GPIO block. In supervisor mode all registers 
are accessible. In user mode forbidden accesses will result in a bus error {gpio_cpuJberr asserted). 



Table 45. GPiO supervisor and user access modes 













1 uxoo 


upulOCtn 


Supervisor data mode only 




0x04 


CpulOUserModeMask 


Supervisor data mode only 




0x06 


CpulOSuperModeMask 


Supervisor data mode only 




OxOC 


CpulODirection 


CpulOilserNkxfeMask and CpulOSuperModeMask filtered 




0x10 


CpulOOut 


CpulOUserModeMask and CpulOSuperModeMask filtered 




0x14 


CpulOln 


CpulOUserModeMask and CpulOSuperModeMask filtered 




0x18 


CputOInDegtitch 


CputOUserModeMask and CpulOSuperModeMask filtered 




0x20-024 


DeafltchCountCirO) 


Supervisor data mode only 




0x28-2C* 


OeQinchCfkSrc[1.-0] 


Supervisor data mode only 




0X30 


OeGOtchSelect 


Supervisor data mode only 


1 


0x34 


MotorCtrtUserModeEnable 


Supervisor data mode only 


i 


Ox38toOx3C 


MotorMastefClkPeriod[1 :0] 


MotorCtr1UserMode£nat>1e enat)led 


1 


0x40 


MotorMasterakSrc 


MotorCtrtUserModeEnable enabled 




0x44 to 0x50 


MotorCtflHighprO] 


MotorCt/lUserModeEnable enabled 




0x54to0xG0 


MotorCtr1Low(3:0] 


MotorCtr1UserMode£nat>fe enabled 


f 


0x64 to 0x70 


MotorMasterakSelect[3:0) 


MotorCtrlUserfu)odeEnabJe enabled 


1 


0x74 


Motorf^asterCtockEnabie 


MotorCtrfUserModeEnable enat>led 




0x78 


LEDCtriUserModeEnabte 


Supervisor data mode only 




0x80 


LEDDutySeleclfO] 


LEDCtriUserModeEnable[0] enabled 




0x84 


LEDOutySelectfll 


LEDCtriUserftodeEnable[1] enabled 




0x74 


tE0DutySelectt2] 


LEOCtr1UserModeEnable[2] enabled 




0x88 


LE0DulySelecl(3] 


LEDCtrlUserModeEnaMep] enabled 




0X8C 


FireqAnaPinSelect 


Supervisor data mode only 


1 


0x90 


FreqAnaPinFormSetect 


Supervisor data mode only 




0x94 


RreqAnaLastPeriod 


Supervisor data mode only 




0x98 


FreqAnaAverage 


Supervisor data mode only 




0x9C 


FreqAnaCountlnc 


Supervisor data mode only 


1 


OxAO 


IntemjptSrcSelect 


Supervisor data mode only 


1 


0xA4 


DebugSelect 


Supervisor data mode only 


1 


0xA8-0xAC 


MotorMasterCount 


Supervisor data mode only 
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13.10.3 6PIO partition 



CPU 




GPIO 
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/32 
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Configuration regfsters 



r T r 
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i 



^* 



i 



20 



Frequency 
Anafyser 



/14 



/ 2x8 



/2X2 



I 



Input 
De^trtch 



t t t t t t 



.^4 



Motor 
Control 



1 



.'3 



LEO 

PuteaGen 



Aa 



lO Control 



'"14 .'14 



■5 



2 > 2 

JS 



2 y 



LSS 



(sr 



Rgure43« GPtO partition 



13.10.4 lO control 

The lO control block connects the lO pin drivers to internal signalling based on configured setup registers 
and debug control signals. 

The motor, LED pins» ISI and LSS control logic: 
// motor and led pins 
for <i=0; i<14 ; i**) ( 

if (debug_cntrlEi) « 1) then 

gpio„e(i] tt 1 

gpio_oCi] s debug_data_out [i) 
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cpu_io_in(iJ = gpio_i[i] 
if (cpu_io_ctrl[i) == 1) then 

gpio_e(i] = cptj[_io_dir tij 

gpio^oll) = cpu_io_out ti] 

cpu_io_in(i) c gpiQ_i[iJ 
else 

// default control 

if { i < 4 ) then // motor control pins 

gpio_e(i] = i 

firpio_o[i] = xnotor_ctrl(i) 

cpu_io«inlil = gpio_iIil 
elsif ( i < 8 ) then // LED pins 

gpio_eCil a 1 

9PiO-ori] = led.ctrl[l) 

cpu_io_in[il = flpio_i[iJ 
elsif (i < 10) then // LSS interface clock pins 

gpio^ed) 3 1 

gpio_o(i] - lss_gpio_clkCi-8] 

cpu_io_inCiJ = gpio_ilil 
elsie (i < 12) then // I#SS interface data pins 

9pio.e[iJ = lss_spio„e[i-10J 

gpio_o{ij = lss_flpio_doti-10} 

lss_spio_di[i-101 = gpio_i(i) 
else // ISX interface' pins 

flpio_eti3 » iei_gpio_e(i-12J 

gpio_o[i) a isi_gpio_doutIi-121 

isi_gpio.din[i-12] = gpio_i(i) 

) 

13.10.5 LEO pulse generator 

The pulse generator logic consists of a 7-bit counter that is incremented on a l|is pulse from the timers 
block {tim^ulsefOJ), The LED control signal is generated from comparing tiie cotmt value with the con- 
figured duty cycle for the LED Qed_duty_sel), 

The logic is given by: 

for (i«sO 1<4 ;i*+) ( // for each LED pin 
// period divided into 8 segments 
period.div8 = cntC6:4]; 

if (period_div8 <= led_duty.sel [i] ) then 

lecfUctrl(l) = 1 
else 

ledUctrlCiJ « 0 
//in higher half invert the led control 
if (cnt(6I 1) then 

led^ctrlCil « - led_ctrl[ij 

) 

// update the counter every lus pulse 
if (txm_pulse{0] == 1) then 
cnt ++ . 

13.10.6 Motor control 

The motor controller consists of 2 counters, and 4 phase generator logic blocks, one per motor contiol pin. 
The counters decrement each time a timing pulse (cnt_en) is received. The counters start the configured 
clock period value {motor _mas_clk_jjeriod) and decrement to zero. If the coimters are enabled (via 
motor _mas_clkjsnable), the coimters will automatically restart at the configured clock period value, oth- 
erwise they will wait until the coimters arc rc-enablcd. 
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The timing pulse period is one of pclk, l\xs, 100|xs, 1ms depending on the motor_masjclk_sel signal. The 
counters arc used to derive the phase and duty cycle of the of each motor control pin. 
// decrement logic 
if (cnt_en 1) then 

if ( (mas_cnt == 0) AND (motor_mas_clk_enable == 1)) then 

inas_cnt = inotorjnas_clk_periodri5 : OJ 
els if ( (raa3_cnt == 0) AND (motor jnas.clk^enable 0) > then 

mas^cnt » 0 
else 

mas_cnt — 
else // hold the value 
ma&_cnt = mas.cnt 



nxitor.mas. 



ias_dk_firc \ 

tim_pulse(OJ- 
tim_pulse{i) — ^ 
trnijHi!se{2J- 
1- 



motoonas_ctK^riod(OJ 
fnotor_mas_clK_enab(e[0] 



motor_inas_caepeifod[l ) 
motof_mas_cIKjBnaJ5lef 1 ] 




■notor_ct}1 



motor_mas_count 



Figure 44. Motor control RTL diagram 

The phase generator block generates the motor control logic based on the selected clock generator 
(motor^mas_clkj5el) the motor control high transition point {motor jctrl_higK) and the motor control low 
transition point {motor_ctrl_low). There are 4 instances one per motor control pin. 

The logic is given by: 

// select the input coiinter to use 

if <inotorjnas_clk_sel == 1) then 

count = inas_cnt(lj 
else 

count " xnas.cntCO] 
/ / Generate the phase and duty cycle 

if ((mocor_ctrl == 1 ) and (count == motor_ctrl_low) ) then 
motor.ctrl « 0 

eleif ( (motor_ctrl O) AND {count == inotpr_ctrl_high) ) then 

inotor_ctrl = 1 
else 

motor^ctrl = motor.ctrl // remain the same 
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13.10.7 Input deglitch 



The input deglitch logic rejects input states of duration less than the configured number of time units 
(deglitch^cnt), input states of greater duration are reflected on the output cpujojn^deglitch. The time 
units used (either pc/^ lpis,100|xs, 1 ms) by the deglitch circuit is selected by the </£^/r7cA_c/JLyrc bus. 

There are 2 possible sets of deglitch^cnt and deglitch_clk^rc that can be used to deglitch the input pins. 
The values used are selected by the deglitch_sel signal. 

Each input pin can be used to generate an interrupt. The interrupt can be generated from the raw input sig- 
nal or a degjitched version of the input The interrupt source is selected by the interrupt_f re-elect signal. 
The counter logic is given by 

if ( cpu_io_in I = cpu_io_in_delay) then 

cnt « deglitch_cnt 

output _€n « 0 
elsif (cnt == 0 ) then 

cnt » cnt 

output_en a 1 
elsif (cnt_en == 1) then 

cnt — 

output_en = 0 



tim_ptjlsetO]- 
tlni_pulse(l|- 
tioupulsep]- 
1- 



cpu.io.ln_da]ay 



cnt,en 



degIitch_clK_S6lJ0J ^ 

<leolitch_clk_selll) — 
doQHtch_cm(0) — 

degMteh_cr«lll 

dogfitdusel 



Counter 
Logic 



4 



^ en 



Compare 



ouipiUjBn 



^ cpu^b.lnjdaglltch 



Cpu.iojn 



► flpio^lcujiq 



Figure 45. Input de-glitch RTL diagram 



13.10.8 Frequency Analyser 

The frequency analyzer block monitors a selected input pin (selected by FreqAnaPinSelect and FreqAnaP- 
inFormSei) and detects positive edges. Between successive positive edges detected on the input pin it 
increments a counter by a programmed amount (FreqAnaCountInc) on each clock cycle. When a positive 
edge is detected the FreqAnaLastPeriod register is updated with the top 16 bits of the counter and the 
counter is reset. The frequency analyser also maintains a running average of the FreqAnaLastPeriod regis- 
ter. Each time a positve edge is detected on the input pin the FreqAnaAverage register is updated with the 
new calculated FreqAnaLastPeriod, The average is calculated as 7/8 the current value plus 1/8 of the new 
value. Both the FreqAnaLastPeriod and FreqAnaAverage registers can be written to by the CPU. 
The pseudocode is given by 

if ((pin == 1) AND pin_delay =s»0 > ) then // positive edge detected 
f^e<l_ana_lastperiod count (31: 16] 

fre<i_«na_average = f re<L-ana_average - freq.ana.average/8 ♦ freq_ana_lastperiod/8 
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count = 0 
else 

count = count ♦ freq_ana_count_inc 
// implement the configuration register write 
if (wr_last_en == 1) then 

f req_ana_lastperiod = wr_data 
elsif (wr_average_en == 1 ) then 

f req_ana_average » wr_data 



OpU-.lo«rn.degiitch(1 3.-0| 
cpu_to_in[13:0]- 



fraq^naj3ln.sel(3:0] - 



pin 



Pin defav ^ 



wr_data(1S:0} ^ 
wr_la8t_en — 
wr^evefage.an 
freq.anajoounUnc — ^ 



2. 



Analyser Logic 



^5 



te 



PL 



freq_ana_last_parfod(t5:0] 



- freqjana.avefag0{lS:O] 



^ ^ count 



□ 



Figure 46. Frequency analyser RTL diagram 



Doc: SoPEC_hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 151 



SoPEC : Hardware Design 



14 Interrupt Controller Unit (ICU) 



The interrupt controller accepts up to N input interrupt sources, determines their priority, arbitrates based 
on the highest priority and generates an intenupt request to the CPU. The ICU complies with the interrupt 
acknowledge protocol of the CPU. Once the CPU accepts an intenupt (i.e. processing of its service routine 
begins) the interrupt controller will assert the next arbitrated interrupt if one is pending. 

Each interrupt source has a fixed vector number N, and an associated configuration register, IntReg[N]. 
The format of the IntR^p^ register is shown in Table 46 below. 

Table 46. IntReglN] register format 





Fan 






Priority 


7:0 


Intemipt priority 




Type 


9:8 


Determines the triggering conditions for the Interrupt 

00 - Positive edge 
10- Negative edge 

01 • Pbsltive lev^ 
11 - Negative level 


Mask 


10 


Mask bit 

1 - Intemipts from this source are enabled, 
0 - Intemjpts from this source are disabied. 

Note that there may be additional masks in operation at the source of the 
intemjpt. 


Reserved 


31:11 


Reserved. Write as 0. 



Once an interrupt is received the interrupt controller determines the priority and maps the programmed pri- 
ority to the available CPU priority levels, and then issues an interrupt to the CPU. The mapping of pro- 
grammed priority to native intCTr%q)t levels will be fixed, and is dependent on CPU choice. 

For example for the LEON CPU Acre are 15 levels available which would allow 16 sub-priorities per level 
(as each level is in itself a priority). In this case priorities 255-240 m^ to level 15, 240-224 to level 14 and 
so on, with priorities 15-0 corresponding to level 0. Level 0 is no intenupt Level 15 is the highest interrupt 
level. 



14.1 INTERRUPT PREEMPTION 

There are two types of pre-emption possible; standard LEON pre-«mption and SoPEC pending pre-emp- 
tion. With standard LEON pre-emption an interrupt can only be pre-empted by an interrupt with a higher 
priority level. If an interrupt with the same priority level (1 to 1 5) as the intenupt being serviced becomes 
pending then it is not acknowledged until the current service routine has completed. The SoPEC pending 
pre-emption is an extension of the standard LEON scheme which is made possible by the programmable 
priority levels in the IntRegfN] register. 

Interrupts with a higher sub-priority will pre-empt inteixupts with a lower sub-priority but the same prior- 
ity level mapping, if the intenupt has not been acknowledged by the CPU i.e. it is still pending. If an inter- 
rupt with a higher sub-priority arrives while an interrupt with a lower sub-priority at the same level is 
being serviced then it wQl not be serviced until the lower sub-priority service routine has completed. 

Thus when pre-emption is required, interrupts should be programmed to different levels as internet prior- 
ities of the same level have no guaranteed servicing order. 

The interrupt is directly acknowledged by the CPU and the ICU automatically clears the pending bit of 
acknowledged interrupts. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Oocunnent 



2a Nov 2002 
Page 152 



SoPEC : Hardware Design 



S5 



All interrupt controller registers are only accessible in supervisor data mode. If the xiser code wishes to 
mask an interrupt it must request this from the supervisor and the supervisor software will resolve user 
access levels. 



1 4.2 Interrupt sources 



The mapping of interrupt sources to interrupt vectors (and therefore IntReg[N] registers) is shown in 
Table 47 below. Please refer to the appropriate section of this specification for more details of the interrupt 
sources. 

Table 47, Interrupt sources vector table 









0 


Timers 


WalchDog Timer Update request 


1 


Timers 


Generic Timer 1 interrupt 


2 


Timers 


Generic Timer 2 interrupt 


3 


Timers 


Generic Tinrier 3 Interrupt 


4-17 


GPIO 


GPKO general Interrupt, source pin 0 *13 


18 


MMU 


MMU Security violation 


19 


SCB 


USB Interrupt 


20 


SCB 


ISI interrupt 


21 


SCB 


DMA interrupt 


22 


LSS 


LSS interrupt. LSS Interface 0 Interrupt request 


23 


LSS 


LSS interrupt, LSS Interface 1 interrupt request 


24 


PCU 


PEP Sub-system Interrupt* CDU finished band 


25 


PCU 


PEP Sub>6yslem Intemipt- CDU enor 


26 


PCU 


PEP Sub-system Interrupt* LBD finished band 


27 


PCU 


PEP Sub^system Interrupt- TE finished band 


28 


PCU 


PEP Sub*$ystem Interrupt- PCU finished band 


29 


PCU 


PEP Sub-system interrupt- PCU invalid address interrupt 


30 


PCU 


PEP Sub-system Interrupt- PHI Buffer underrun 


31 


PCU 


PEP Sub-system Interrupt- PHI Page finished 


32 


PCU 


PEP Sub-system Interrupt- PHI Print ready 


33 


PHI 


PEP Sub-system Interrupt- PHI Une Sync Intemipt 
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14.3 Implementation 



14.3.1 Definitions of I/O 



Table 48. interrupt Controller Unit I/O definition 



Clocks and Resets 



pcfk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active low 


CPU interface 


Cpu_adrt7:2] 


6 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for the ICU t>lock 


cpu_ciataout[31.-0] 


32 


In 


Shared write data bus from the CPU 


icu_cpu_data(31 .-0] 


32 


Out 


Read data txis to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_lcu_sel 


1 


In 


Block select from the CPU. When cptjuicu^set ls high both 
cspi/_a</rand cpu_dataoutaiFe valid 


icu.cpu.fdy 


1 


Out 


Ready signal to the CPU. When iGu^cpu_niyls high it Indi- 
cates the last cyde of the access. For a write cyde this 
means cpu^dataout has been registered by the ICU block 
and for a read cyde this means the data on icujcpu^data Is 
valid. 


•cu_cpu_nevef[3:0) 


4 


Out 


Indicates the priority level of the current active Imemipt 


cpu.iack 


1 


Out 


Interrupt request acknowledge from the LEON core. 


cpu_lcujlevell3:0) 


4 


In 


interrupt acknowledged level from the LEON core 


teujcpu_berr 


1 


Out 


Bus error signal to the CPU uidk:ating an invalid access. 


cpu_acode(1 :0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 
11- Supervisor data access 


icu.cpu_debug_valid 




Out 


Debug Data valid on laijcpu^tfata bus. Active high 


Interrupts 


timjcu_vwd.lni 




In 


Watchdog timer interrupt signal from the Timers block 


timJcuJrqt2K)] 




In 


Qenerk: timer interrupt signals from the Timers block 


gpto_icujrql13:0] 


14 


In 


GPiO pin interrupts 


mmujcujiq 




In 


Memory Managemem Unit imeirupt 


usb_icujrq 




In 


USB Interrupt from the SCB 


isijcujrq 




tn 


ISI interrupt from the SCB 


dnpia_icu_lrq 




in 


DMA Interrupt from the SCB 


ls3_icu_lrq{1 .-OJ 




In 


LSS interface interrupt request 


Gdu.finishedband 




In 


Rnished band Interrupt request from the CDU 


cdt|_lcuJpegerTor 




Jn 


JPEG error Interrupt from the CDU 


(bd.finishedband 




In 


Finished band interrupt request from the I^D 


te^finlshedband 




In 


Rnished band Interrupt request from the T€ 


pcu_finishc<lband 




In 


Finished band interrupt request from the PCU 


pcujcu.addressjnvalkl 




In 


invalkJ address Interrupt request from the PCU 
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Table 48. Interrupt Controller Unit I/O definition 











phi_icu_underrun 


1 


In 


Buffer undenojn interrupt request from ttie PHI 


phiJcu^pagejRnish 


1 


In 


Page finished interrupt request from the PHI 


phLlcu_prirH_rdy 


1 


fn 


Print ready interrupt request from the PHI 


phLicuJInesyncJnt 


1 


In 


Une sync interrupt request from the PHI 



14.3.2 Configuration registers 

The configuration registers in the ICU are programmed via the GPU interface. Refer to section 1 1.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the ICU 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the ICU. 
When reading a register that is less than 32 bits wide zeros should be returned on the i^>per unused bit(s) 
of icu^cu^data. Table 49 tists the configuration rasters in tiie IGU block. 

The ICU block will only allow supervisor data mode accesses (i.e. epu^acodefl :0J = 
SUPERVISOR_DATAy All other accesses will result in icu^cpujberr being asserted. 

Table 49. ICU Register Map 







^^^^ 












0x00-0x84 


lntReg(33:0] 


34x11 


0x000 


Interrupt vector configuration register 


0x86-0x80 


lntClear(1:0I 


2x32 


0x0000 
JOOOO 


Intenxjpt pending clear register. If wntten witti a one 
it dears corresponding intemipt 
lntCleai(OJ - Interrupts sources 31 to 0 
IntCfeartl] - Interrupts source 33 to 32 


0x900x94 


intPending(1X)] 


2x32 


0x0000 

joooo 


Interrupt pending register (Read Only) 
lntP6nding[0] - Interrupts sources 31 to 0 
lntPending[1 ] - Interrupts source 33 to 32 


0x98 


IntSource 


6 


0x00 


Indicates the Interrupt souroe of the current virinning 
active interrupt (Read Only) 


OxdC 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of the 
register to report on the icu_cpu^data bus when it 
is not otherwise being used. 
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14.3.3 ICU partition 



:0]- 
:0 ■ 



tim_lcu_wd_lr( 
tim_lcujrq[2:i 
Qpio_icuJrq[13:i . 
mmu_lcujrq ' 
usb^fcujrq • 
IsLlcuJrq • 
dma^lcu Jro • 
Issjcujrql1:0| - 
cdu.finishfidbano ' 
otfu Jcu Jpegerror - 
Ibd.ftnfsHedband • 
te.finishedband - 
pcu.finishedband - 
pcu_icu_8ddress.invalid - 
phLicu^page.flnish - 
phijcu^prinu^ - 
phljcu_underrun • 
pW.kaiJlnesync^Int - 



x34 



Interrupt 
detect 



y ^34x12 



c 



[ 1 \n\ ac\h/e^ ^ 



Interrupt 
arbiter 



cpuJnLcleaf 



Int_>n2 ^ 
r 



Configuration 
registers 



.'7 



i 



Interrupt 
controller 



i 



CPU 



Figure 47. ICU partition 



14.3.4 Interrupt detect 



The ICU contains multiple instances of the interrupt detect block, one per interrupt source. The interrupt 
detect block examines the interrupt source signal, and determines whether it should generate request pend- 
ing {int^iend) based on the configured interrupt type and the interrtq)t source conditions. If the interrupt is 
not masked the interrupt will be reflected to the intemipt aibiter via the intjactive signal. Once an interrupt 
is pending it remains pending until the interrupt is accepted by the CPU or it is level sensitive and gets 
removed. Masking a pending interrupt has the effect of removing the interrupt from arbitration but the 
interrupt will still remain pending. 

When the CPU accepts the interrupt (using the normal ISR mechanism), the interrupt controller automati- 
cally generates an interrupt clear for that interrupt source (cpujnt_clear). Alternatively if the interrupt is 
masked, the CPU can determine pending interrupts by polling the IntPending registers. Any active pending 
interrupts can be cleared by the CPU without using an ISR via the IntClear registers. 

The logic is shown below: 
mask » int_config[10] 

type = int:_config[9:8] 

intjriority = int_conf iflt7 :0) 

int_pend = last_int_perid // the last pending interrupt 

// ujKiate the pending FF * 
if ((int^clear == 1 )OR {cpu_int_cleare=l) ) then 

int_pend » 0 
// test for interrupt condition 

if ((type =«= NEG_ LEVEL ) AND (int^src == 0) then 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 156 



SoPEC : Hardware Design 



int_pend = 1 
elsif <(type == POS.LEVEL) AND (int_src == 1) 
int^pend = 1 

elsif {(type === NEG_EDGE ) AND (int^src == 1) AND (last_int_src 0)) 
int_pend = 1 

elsif ((type POS_EDGE ) AND (int_src == 0) AND (Iast_int_src s=s i)) 

int^end = 1 
else 

int_pend = aast_int_src // stay the same as before 
// mask the pending bit 
if (mask s= 1) then 

int_active = intj)end 
else 

int_active - 0 
// assign the registers 
last_int_src = int_src 
last^lnt^pend ^ intjpend 



1 4.3«5 Interrupt arbiter 



The interrupt arbiter logic arbitrates a winning intemipt request from multiple pending requests based on 
configured priority. It generates the interrupt to the CPU by setting icu_cpujlevel to a non-rero value. The 
priority of the internet is reflected by the value assigned to icu^q>ujlevel the higher the value the higher 
the priority, 15 being the highest. The current wiiming intemq>t and is reported to the CPU via the IntSrc 
register generated in the interrupt arbiter block. 

// arbitrate based on priority 
if (arb_enable == 1 ) t.hen 

// arbitrate with the current winner 

win_int_priority = 0 

int^src = 0 

int^request = 0 ^ 

for (ia0;i<34;i++) { 

if ( int_active(i3 =«« 1) then { 

if {int_priority(i] > win_int_priority > then 
win_int_priority = int_priority lij 
int^src = i 

int_re<iuest » i 

} 

> 

} ■ 

// assign the CPU interrupt level 
int^ilevel = int_priority(int_srcJ [7:4] 
} 



1 4,3.6 Interrupt controller 



The interrupt controller is responsible for generating the interrupt to the CPU, accepting the intemipt 
acknowledge from the CPU and clearing the interrupt source pending bit 
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The exact procedure is CPU dependent, but examples are given for the LEON processor. See section 1 1.9 
on page 98 for a complete description of the interrupt handling procedure. 

re5gt=°Q 



Reset 



int requfffit^^ 



c 



3 



afb.enable - 1 



IntPend 



)lcu_c 
afb_i 



cpujievel =irn_Uevel 
enable a 1 



Machine remains fn same state by default 
Ad outputs are zero unless otherwise stated 

State Description: 

Reset : Nomial reset state 

IntPend: Interrupt pending, waiting for CPU acknowledge 

IntClear Interrupt dear, dear the pending bSX for the 
current interrupt vector 



Cptl 



_teu^ 



1 AND 



CPU teu iteMBfafcnj rou 



IntClear 



Cpujnt^deaipntjsrcjsl 
o 



Figure 48. Interrupt controller state diagram 

After reset the interrupt controller remains in the Reset state until the interrupt arbiter indicates that there is 
an active intemipt pending (int^equest equal 1 ). The state machine goes to the IntPend state and signals to 
tiic CPU that an interrupt is pending. The machine will remain in the IntPend state until the intemipt is 
acknowledged by the CPU or the pending inteirupt condition is removed. 

When the intemipt is acknowledged the state machine goes to the IntClear state to clear the pending bit of 
the interrupt source. 

On completion die state machine returns to the Reset state and again waits for the next pending interrupt 
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15 Timers Block (TIM) 



The Timers block contains general purpose timers, a watchdog timer and timing pulse generator for use in 
other sections of SoPEC. 



1 5.1 Watchdog timer 



The watchdog timer is a 32 bit counter value which counts down each time a timing pulse is received. The 
period of the timing pulse is selected by the WatchDogUnitSel register. The value at any time can be read 
from the WatchDogTimer register and the counter can be reset by writing a non-zero value to the register. 
Should the counter reach 1, a system wide reset will be triggered as if the reset came from a hardware pin. 

The watchdog timer can be polled by the CPU and reset each time it gets close to 1, or alternatively a 
threshold {WatchDoglntThres) can be set to trigger an interrupt for the watchdog timer to be serviced by 
the CPU. This internet can be effectively masked by setting the threshold to zero. The watchdog timer can 
be disabled, without causing a reset, by writing zero to tiie WatchDogTimer register. 



1 5.2 Timing pulse generator 



The timing block contains a timing pulse generator clocked by the system clock* used to generate' timing 
pulses of l|is, 100(jis and 10ms. Each pulse is of one system clock duration and is active high, with the 
pulse period acctirate to the system clock frequency. 

The timing pulse generator also contains a 64-bit free running counters that can be read or reset by access- 
ing the FreeRunCount register: 



15.3 Generic timers 



SoPEC contains 3 programmable generic timing counters, for use by tiie CPU to time the system. The tim- 
ers are programmed to a particular value and count down each time a timing pulse is received. If a particu- 
lar timer decrements to 0, then an interrupt is generated. The counter can be programmed to automatically 
restart the count, or wait until re-programmed by the CPU. At any time the status of the counter can be 
read from CenCruValue, or can be reset by writing to GenCntValue register. The auto- restart is activated 
by setting the GenCntAuto register, when activated the counter restarts at CenCntStartVhlue. A coimter 
can be stopped or started at any time, without aifecting the contents of the GenCntValue register, by writ- 
ing a 1 or 0 to the relevent GenCntEnable register. 
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1 5.4 Implementation 

15.4.1 Definitions of f/O 



Table 50. Timers block I/O definition 







mm 




Clocks and Resets 


pdk 


1 


In 


System Ctock 


prst.n 


1 


In 


System reset, synchronous active !ow 


tinvpufeel2:0] 


3 


Out 


Timers block generated timing pulses, each one pclk wide 
0-1{is pulse 

1 - 100 ]Xs pulse 

2 - 10ms pulse 


CPU Interface 


cpu_adrf62) 


5 


In 


CPU address bus. Only 5 bfts are required to decode the 
address space for the ICU t^Iock 


cpu.dataout(3l rO] 


32 


In 


Shared write data bus from the CPU 


tim.cpu_data[31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signer from the CPU 


cpu_lim_se! 


1 


In 


Bfock select from the CPU. When cpujdm_selis high lx)th 
cpcjLac/rand qpt/_(/a£aouf are vaPtd 


tim_cpu_ndy 


1 


Out 


Ready signal to the CPU. When tim_cpu^fdy is high It indi- 
cates the last cycle of the access. For a write cyde this 
means cpi/_dataouf has been registered by the TIM bU>ck 
and for a read cyde this means the data on tim^cpu^data Is 
vaUd. 


tlnijcpu.berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


Gpu_acode[1K)j 


2 


In 


CPU Access Code signers. These decode as folk>ws: 

00 • User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


.^-Cpu.debug^valid 


1 


Out 


Debug Data valkl on tin^cpu^data bus. Active high 


Miscellaneous 


tim_teu_wdjfq 


1 


Out 


Watchdog timer Interrupt signal to the ICU bk)ck 


tim_teu_irq[2:0] 


3 


Out 


Generic timer interrupt signals to the ICU tAock 


tim_cpr_reset_n 


1 


Out 


Watch dog timer system reset. 
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1 5.4.2 Timers su b-block partition 



CPU 





CPU. tlm_.sel 


7^ 




cpu.dataout 


¥ 










tim_cpu.data 






cpu_rwn 






CPU acode 


h 




llm_cpu_befr 




4- 


tim CDu debuQ vafid 







freG_run_cnt 




lreo_rur>_data 




free_run_wen 




free run adr 


► 



s 



Timing pulse 
generator 



wdng tim ttirfts 



wdog unit srrt 



wctog_wen 



wdoq_tifn_data 



wdOQ tfm cnt 



3_ 



tiiiu>ulse[2:0) 



Watchdog 
timer 



tim_teu_wd_Ifq 



Qgn tirn gn 





oen unit sat 






gen wen 






OGfi ttm (tots 




4 


aenjUm_cm 


^ — ^ 




qen_tim_cnt_si_valu8 







Generfc 
timers 



tfm.cpr.reset_n 



Figure 49. Timers sub^block partition diagram 

15.4.3 Watchdog timer 

The watchdog tiiner counts down from pre-programmed value, and generates a system wide reset when 
equal to one. When the counter passes a pre-programmed threshold {wdogjtimjthres) value an intemq)t is 
generated (fim^icu^djrq) requesting the CPU to update the counter Setting the counter to zero disables 
the watchdog reset In supervisor mode the watchdog counter can be written to or read from at any time, in 
user mode access is denied. Any accesses in user mode will generate a bus error. 

vvdog^unlusel- 

tinuptilsep)] 
tfni_jnjtse(1| 
timjxilsep) 
1 



wdog_wen 
wdog_tlmjdata 




tjfn_lcu_wd Jrq 
► tmru^r.rBsaCn 
>> wdog.tim.cnt 



Figure 50. Watchdog timer RTL diagram 



The counter logic is given by 
if (wdog_wen 1) then 

wdog_tiaucnt « wdog_.tiBuctat^& 
elsi£ ( wdog_t:iii\_cnt; == 0) then 

wdo0_tinL-cnt « wdog_tinv_cnt 
elsif ( cnt_en 1 ) then 



// load new data 



// count disabled 
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S5 



wdog^tinucnt — 
else 

wdog^tinucnt = wdog_t inL.cn t 
The timer decode logic is 

if (C wdog_t indent == wdog_tiii\_thres) AND iwdog.tinucnt: 

tiiiL.icu„wd_irq « 1 
else 

tinuicu._wd^irq ■ 0 
// reset generator logic 
if (wdog.tinucnt 1) then 

tinL,cpr_reset„n = 0 
else 

tijrucpr_reset_n = 1 



0 > ) then 



1 5.4.4 Generic timers 



The generic timers block consists of 3 identical counters. A timer is set to a pre-configured value (CenCnt- 
StartValue) and counts down once per selected timing pulse [gen^unit^set). The timer can be enabled or 
disabled at any time (gen^tim^en)^ when disabled the counter is stepped but not cleared. The timer can be 
set to automatically restart (gen^tim^auto) alter it liits zero. In supervisor mode a timer can be written to or 
read from at any time, in user mode access is detennined by the GenCntUserModeEnable register settings. 
Oen_unit_se!- 
tlmj)tjt$e{0] 

tini_ptJlse(2] 
1 

0«n_lifn_data 
gen_tini_en 
gen.tiRV.atJto 




> tlm_icu_lfq 



flen_tifn^cnt 



RgureSI. Generic timer RTL diagram 

The counter logic is given by 
if Cgen_wen 1) then 

*gen_tiia_cnt = gen_tinC-data 
elsif (( cnt_en ce i )AND (gen_tiiiuen 1 } ) then 

If ( gen_tiiiL-Cnt == 0) then // counter may need re-starting 
if (gen_tin\_auto ss i> then 

gen_tinL-cnt = gen_tinL-cnt_st_value 
else 

gen_tinL-cnt « gen_taitL.cnt 

else 

gen^t iin_cnt— 

else 

gen_t inL.cn t = gen_tinucnt 

The decode logic is 

if (gen_tim_cnt == 1) then 

tinL_icu_irq = 1 
else 

tim_icu_irq = 0 
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15.4.5 Timing pulse generator 

The timing pulse generator contains a general free running 64-bit timer and 3 timing pulse generators pro- 
ducing timing pulses of one cycle duration with a period of Ijis, I00|xs and 1ms. In supervisor mode the 
free running timer register can be written to or read from at any time, in user mode access is denied. The 
status of each of the l^s, IOO|is and Ims timer can be read by accessing the TtmerPulseStatus registers. 
Any accesses in user mode will result in a bus enror. The status of each of the l^s, lOOjis and 1ms timer 
can be read by accessing the HmerPulseStatus register in supervisor mode. 



Free Run Timer 



fre©_f un_wen - 



free.run_data — ^ ^ 
fraa..jiin_a<(r > 




ffeo_run_cnt 



1 US Timer 



Decrement 
Logic 1 us 



pulse.tus ' 



Decrement 
Logic lOOus 



100US Timpr 



piitse.100u$ ' 



Decrement 
Logic 10ms 



1 0ms Time 
^ 



^ Compare 



pul5e„1u3 ^ tim_pulseCOJ 



Compare 



tlmjxrfse[1] 



Compare 



^ iiin_puise(2] 



2^ 



y ► pulsa.timer.status 



1im_puls6[2:0}- 

Figure $2. Pulse generator RTL diagram 



15.4.5.1 Free Run Timer 

The increment logic block increments the timer count on each clock cycle. The counter wraps around to 
zero and continues incrementing if overflow occurs. When the timing register {FreeRunCount) is written 
to, the configuration registers block will set the Jreejrun_yven high for a clock cycle and the value on 
fireejrunjdata will become the new count value, for the 32 bits selected by the free^run_€uir signal. If 
Jree__run_adr is 1 the higher 32 bits Of the counter will be written to, otherwise the lower 32 bits are writ- 
ten to. It is the responsibility of software to handle these writes in a sensible manner. 

The increment logic is given by 

if < f re€_run_wen == 1) then 
if ( Cree.run^adr «= 1} then 

f ree_run__qntt63 :321 = f ree_run_data 
else 

free_rvm_cnt 131:03 = f ree_ruA_jdata 

else 
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free_run_cnt ♦+ 



15.4,5.2 Puise Timers 



The pulse timer logic generates timing pulses of 1 clock cycle length and period of l|is, 100|xs and Ims. 

The logic for the l|is timer is given by: 

// lus generator 

if (pulse_lus_cnt «« 0 > then 

pulse_lus_cnt = 159 

pulse_lus = 1 
else 

pulse_lus_cnt — 
pulse.lus B 0 

The logic for 100|is timer is given by: 
// lOOus generator 

if ( (pulse_lQOus_cnt == 0 ) AND (pulse.lus « 1)) then 

pul8e_100us_cnt = 99 

pulse^lOOus = 1 

els if (pulse_lus == 1) then 

pulse_100us_cnt — 

pulse.lOOus = 0 

else 

pulse_lOOus_cnc — 
pulse_100us = 0 

The logic for the i 0ms timer is given by: 
// lOms generator 

if ( (pulse_10ins.cnt 0 > AND (pulse^lOOus =»= 1) ) then 

pul8e_10ms_cnt = 99 

pulse_10ms . s 1 
elsif (pulse.lOOus == 1) then 

pul 8 e_ 1 Oms_cnt • 

pulse^lOms « 0 
else 

pulse_10ms_cnt — 
pulse_lOms = 0 



The configuration registers in the TIM are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70 for a description of the protocol and timing diagrams for reading and writing registers in the TIM. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the TIM. 



15.4.6 Configuration registers 
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When reading a register that is less than 32 bits wide zeros should be returned on the upper tinused bit(s) 
of tim^cu^data. Table 51 lists the configuration registers in the TIM block . 



Table 51. Timers Register Map 



















0x00 


WatchOogUnitSel 


3 


0x0 


Spectfias the units used for the watehdog 

timer: 

0 - 1 }xs pulse 
1-100^ pulse 
2*10 ms putse 
3 - pcik 


0x04 


WatchDogTlmer 


32 


OxFFFF 
_FFFF 


Specifies the number of units to count before 
watchdog timer triggers. 


0x08 


WatchDogtnfThres 


32 


0x0000 
_0000 


Specifies the threshold value below which the 
watchdog tinner issues an intenupt 


OxOC-OxlO 


ReeRunCount(1 .^J 


2x32 


0x0000 
JOOOO 


Direct access to the free running counter reg- 
ister. 

Bus 0 - Access to bits 31-0 
Bus 1 - Access to bits 63-32 


0x14to0xlC 


GenCntStartVaiue[2.'0] 


3x32 


0x0000 
_0000 


Generic timer counter start value, number of 
units to count before event 


0x20 to 0x28 


GenCnfValue(2:0] 


3x32 


0x0000 
.0000 


Direct access to generic timer counter regis- 
ters 


vX<w lO OX«94 


uencntunit$ei[2:0] 


3x2 


0x0 


Generic counter unit select. Selects the timing 
units used with con^esponding counter: 

0 - 1 ^ pulse 

1 • 1 00 ^s pulse 

2 - 10 ms pulse 
3-pcWf 


0x38 to 0x40 


QenCntAuto[2:0] 


3x1 


0x0 


Generic counter auto re-start select When 
high timer automatically restarts. othenMse 
timer stops. 


0x44 to 0x4C 


GenCntEnable[2:0] 


3x1 


0x0 


Generic counter enable. 

0 - Counter disabled 

1 • Counter enabled 


OxSO 


GenCntUserModeEnable 


3 


0x0 


User f^4ode Access enable to generic timer 
configuration register. When 1 user access Is 
enabled. 

Bit 0 - Generic timer 0 
Bit 1 • Generic timer 1 
Bit 2 - Generic timer 2 


0x54 


DebugSelect 


6 


0x00 


Debug address select. Indicates the address 
of the register to report on the tim_cpu_data 
bus when it is not otherwise being used. 


Read Only Reglsteis 


0x58 


PulseTlmerStatus 


24 


0x00 


Current pulse timer values, and pulses 

6.-0 - 1 us timer count 

7 - 1 us pulse 

14:6 - lOOus timer count 

15 - lOOus pulse 

22:16- 10ms timer count 

23 - 10 ms pulse 
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15.4.6, 1 Supervisor and user mode access 

The cx)nfiguration registers block examines the CPU access type {cpu_acode signal) and determines if the 
access is allowed to that partictdar register, based on configured user access registers. If an access is not 
allowed the block will issue a bus error by asserting the tim_fipu_berr signal. 

The timers block is fully accessible in supervisor data mode, all registers can written to and read from. In 
user mode access is denied to all registers in the block except for the generic timer configuration registers 
that are granted user data access. User data access for a generic timer is granted by setting corre^onding 
bit in the GenCntUserModeEnable register. This can only be changed in supervisor data mode. If a partic- 
ular timer is granted user data access then all registers for configuring that timer will be accessible. For 
example if timer 0 is granted user data access the GenCntStartValuefO] , GenCntUnitSelfOJ, GenCn- 
tAutofOJ, GenCntEnable[0} and GenCntValue[OJ registers can all be written to and read from without any 
restriction. 

Attempts to access a user data mode disabled timer configuration register will result in a bus error. 

Table 52 details the access modes allowed for registers in the TIM block. In supervisor data mode all reg- 
isters are accessable. AH forbidden accesses will result in a bus error {timjcpujberr asserted). 



Table 52. TIM supervisor and user access modes 









0x00 


WatchOogUnltSel 


Supervisor data mode only 


0x04 


WatchOogTimer 


Supervisor data mode only 


0x08 


WatchDoglnfThres 


Supervisor data mode only 


OxOC-OxtO 


FreeRunCouni 


Supervisor data mode only 


0x14 


G6nCntStartValue(0] 


GenCntUserModeEnab(e[0] 


0x18 


GenCntStartVaiue[1 ] 


GenCntUserModeEhabre[1 ] 


0x1 C 


QeffiCntStartValue[2] 


GenCntUserModeEnaWe(2] 


0x20 


QenCnWaIue[0] 


GenCntUserModeEnable(0] 


0x24 


GenCntValue[1] 


GenCntU8erModeEhaUe[1] 


0x28 


GenCnfValue[2] 


GenCntUserModeEnable[2] 


0x2C 


GenCntUnitSel[0] 


GenCntUserModeEnabfe[01 


0x30 


GenCntUnitSeI[1] 


GenCntUserModeEnaUeCI] 


0x34 


GenCntUnitSelig 


G enCntUserModeEnafale[2] 


0x38 


GenCntAiiU>(0] 


GenCntUserMode Enab(e(0] 


0x3C 


GenCntAuto[1] 


GenCntUserMode Enable[ 1 ] 


0x40 


GenCntAuto[2] 


G enCntU8erMod8EnabIe(2) 


0x44 


GenCntEnablefOJ 


GenCntUserMode Enable{0} 


0x48 


GenCntEnable[1] 


GenCntUserMode En a Wen ) 


0x4C 


GenCntEnable[2) 


G enCn(UserModeEnab{e(2] 


0x50 


GenCntUserModeEnable 


Supervisor data mode only 


0x54 


DebugSelect 


Supervisor data mode only 


0x58 


PulseTlmerStatus 


Supervisor data nxKie only 
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16 Clocking, Power and Reset (CPR) 

The CPR block provides all of the clock, power enable and reset signals to the SoPEC device. 

1 6.1 POWERDOWN MODES 

The CPR block is capable of powering down certain sections of the SoPEC device. When a section is pow- 
ered down (U. put in sleep mode) no state is retained, the CPU must re-initialize the section before it can 
be used again. The exact powerdown mechanism is undefined and is technology dependent. 

For the puipose of powerdown the SoPEC device is divided into sections: 



Table 53. Powerdown sectioning 







Print Engine Pipeline Subsystem 
(Section 0) 


CDU 


CPU 








SFU 




TE 




TFU 




HCU 




DNC 




DWU 




LLU 




PHI 


CPU-DRAM (Section 1) 


ORAM 




CPU/MMU 




DIU 




TIM 




ROM 




LSS (merface 


Comma Subsystem (Section 2) 


USB 




(SI 




DMACtri 




GPIO 




PSS 




ICU 



16,1,1 Sleep mode 

Each section can be put into sleep mode by setting the conresponding bit in the SleepModeEnable register. 
To re-enable the section the sleep mode bit needs to be cleared and then the section should be reset by 
writing to the relevant bit in the ResetSection register. Each block within the section should then be re-con- 
figured by the CPU. 

I If the CPU system is put into sleep mode, the SoPEC device will remain in sleep mode until a system level 

reset is initiated from the reset pin, or a wakeup reset by the SCB block as a result of activity on either the 
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USB or ISI bus. If all sections are put into sleep mode, then only a system level reset initiated by the reset 
pin will re-activate the SoPEC device. 

Like all software resets in SoPEC the ResetSection register is active-low i.e. a 0 should be written to each 
bit position requiring a reset. The ResetSection register is self-reseting. 

16.2 Reset SOURCE 

The SoPEC device can be reset by a number of sources. When a reset from an internal source is intiated 
the reset source register (ResetSrc) stores the reset source value. This register can then be used by the CPU 
to determine the type of boot sequence required. 

1 6.3 Clock relationship 

The crystal oscillator excites a 32MHz crystal through the xtalin and xtalout pins. The 32MH2 output is 
used by the PLL to derive the master VCO frequency of 960MH2. The master clock is then divided to pro- 
duce 320MH2 clock (clk320}, l60MHz clock {clkl60), l06MHz clock {clklOS) and 48MHz iclk48) clock 
sources. 

The phase relationship of each clock from the PLL will be deiSned. The relationship of internal clocks 
cik320, clklOe. clk48 and clkl60 to xtalin will be undefined The clock tree generation should create inser- 
tion delays so as to compensate for the phase difference of the clocks leaving die PLL. At the output of the 
clock block, the skew between each /^c/A: domain (pclk_jection{3:0J and Jclk) should be within skew toler- 
ances of their respective domains (defined as less than the hold time of a D-type flip flop). 

The skew between doclk and phicik should also be less than the skew tolerances of their respective 
domains. 

The tisbclk is derived from the PLL output and has no relationship with the other clocks in the system and 
is considered asjmchronous. 
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i3 



There is no skew requirement between the pclk domains and the doclk and phiclk domains, they are con- 
sidered essentially asynchronous to each other. 



1.04ns 

M I* 



PU. Master Clock 



firiiinnjinnjijuuinnnm^^ 



cllc320 



ctodk 



clkieo 



pdk 
jdk 



dkioe 



phrdk 



c»c320PU.ph8ftashm 



, ^ H docfk insertion dsiay 



H ►! dki eo PLL phasa shift 

■ -J r~L 



Ipcnc^ Insertion delay 



1 r 



dkl 06 PLL phase shift 



.-^ H pWdk insertion delay 

Figure 53. SoPEC clock relationship 



J L_ 
L 

r 



16.4 Implementation 
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16.4.1 DefiniUons of I/O 



Table 54. CPR I/O definition 



IS 



Clocks and Resets 


xtalin 


1 


In 


Crystal inputs direct from lO pin. 


xtalout 


1 


Out 


Crystal output, direct to lO pin. 


pclk_section[2:0] 




Out 


System docks Ibr each section 


phidk 




Out 


Printhead interface dock (dodk/3} for the PHI bk>ck 


doclk 




Out 


Data out dock (2x pdk) for the PHI block 


jclk 




Out 


Qated versk»n of system dock used to dock the JPEG decoder 
core in the COU 


usbdk 




Out 


USB dock at 3 times the crystal input frequency, nominally at 46 
Mhz 


jctk_enable 




In 


Gating signal for jdk. 


reset.n 




In 


Reset signal from the nasec pin 


usb_cpcreset.n 




in 


Reset signal from the USB block 


isi_cpr_resetn 




In 


Reset signal from the ISI block 


iim_cpr_reset_n 




In 


Reset signal from mteh dog t^er. 


P rst_n_section{2:0] 




Out 


System resets for each section, synchronous active low 


phifst_n 




Out 


Reset for PHi block, synchronous to phictk 


dorsUn 




Out 


Reset for PHI block, synchronous to cfodilc 


irst_n * 




Out 


Reset for JPEG decoder core In CDU bfock. synchronous to jdk 


usbrst_n 




Out 


Reset for the VSB bUock, synchrorKMis to usbdk 


Test Input 


test_clk 




In 


Test dock direct from external pin, for use in production test (scan 
test) 


test_enable 




In 


Test enable. Direct from extemal pin. When high productfon test 
mode is enat)led. 


CPU biteifaee 


cpu_edff3:2I 


2 


In 


^U address bus. Only 2 bits are required to decode the address 
space for the CPR block 


cpu_dataout[d1:0] 


32 


In 


Shared write data txxs from the CPU 


cpr_cpu.clata(31 .0] 


32 


Out 


Read data bus to the CPU 


cpu^fwn 


1 


In 


Common read/not-wrfte signal from the CPU. 


cpu_cpr.8et 


1 


In 


Bfock select from the CPU. When cpujcpr^sei Is high both 
qpu.adrand cptcdataouf are valid 


cpr_cpu_idy 


1 


Out 


Ready signal to the CPU. When cpr_cpu_idyis high It indicates 
the last cyde of the access. For a write cyde this means 
cptccKaeaouf has been registered by the block and for a read cyde 
this means the data on cpr.cpu_data is valid. 


cpr_cpu_berr 


1 


Out 


Bus error signal to the CPU indfoating an invalid access. 


cpu.acodefl .t>] 


2 


In 


CPU Access Code signals. These decode as folfows: 

00 - User program access 

01 - User data access 

10 • Supervisor program access 

1 1 - Supervisor data access 


cpr_cpu_jdebu9_vaiid 


1 


Out 


Debug Data valid on cpr^cpujdata bus. Active high 
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Table 54. CPR I/O definition 



1 


m 


^^^^^^^^^3 ^^^^^^ 






Miscellaneous 


pwr_sleep_mode[2.*0] | 3 | Out 


Sleep mode section select 



16.4.2 Configuration registers 

The configuration registers in the CPR are programmed via the CPU interface. Refer to section 11.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the CPR. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the CPR. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of cpr^cu^data. Tabic 55 lists the configuration registers in the CPR block- 

The CPR block will only allow supervisor data mode accesses (i.e. cpu_acode[l:0] « 
SUPERV7SORJMTA ). All other accesses will result in cpr^cpujberr being asserted . 



Table 55. CPR Register Map 







m 






0x00 


SleepModeEnabte 


3 


0x0 


Steep Mode enabte, when high a section of logic 
has is powerdown. Each bit controls a section 


0x04 . 


ResetSrc 


4 


0x0* 


Reset Source register, indicating the source of 

the last reset 

Bit 0 • External Reset 

Bit 1 - USB wakeup reset 

Bit 2 - ISI wakeup reset 

Bit 3 - Watchdog timer reset 


0x08 


ResetSection 


3 


0x7 


Active-low synchronous reset for each sectloa 
self-resetting. 


OxOC 


DebugSelect 


6 


0x00 


Debug address select. Indicates the address of 
the register to report on the cpr_cpujiSata Ixjs 
when it is not otherwise being usckI. 


PLL Control (Asynchronous reset registers) 


0x10 


PLXTuneBits 


10 


0x23E 


PLL tuning bits 


0x14 


PLLRangeA 


4 


OxF 


PU.OUT A frequency selector (defaults to 
600Mhzto1250Mhz) 


0x18 


PLXAangeB 


3 


0X7 


PIXOUT B frequency selector (defaults to 
600Mhzto1250Mhz) 


1 OxIC 


PLUy^uftipOer 


5 


0x25 


PIX muhtpGer selector, defiauits to refctkx 20 



a. Reset value depends on reset source. External reset shown. 
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1 6.4.3 CPR Sub-block partition 



^-#^y-> phWk 




i 



Configunatton registers 



X32 



I 



1 

a 
§ 



g 



pdk_sectiofit2I ^ 

reset domfSI ^ 



Reset 
Sync 



Ciock driver 



CPU 



Figure 54. CPR block partition 
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16.4.4 Sync reset 



The reset synchronizer retimes an asynchronous reset signal to the clock domain that it resets. The circuit 
prevents the inactive edge of reset occurring when the clock is rising 



Pdkf 
reset_dom 



1 



1 r 



pfsun 



res6t.dom - 



aynchfonizqf 



T 



prsUn 



Figure 55. Reset synchronteer logic 



1 6.4.5 Reset generator logic 

The reset generator logic is used to determine which clock domains shotild be reset, based on configured 
reset values {reset^ection_n)y the external reset (reset^nX watchdog timer reset itim^cpr_reset_n) and 
resets from the SCB block {isi_cpr_res€t_ri* usb_cpr_reset_n). The reset direct from theTo pin (reset_n) is 
synchronized and de-glitched before feeding the reset logic. 

Resets from the SCB block reset everything except its own section (section 2), this allows data to be stored 
in the PSS block for use after a SCB powenip initiated reset 



TabFe 56. Reset dofnalns 







reset_dom(0} 


doclk domain 


reset_dofn(1] 


phidk domain 


resetjdom[2] 


usbdk domain 


reset_dom[3J 


Section 0 pdk domain 


reset_dom[4] 


Sectk>n 1 pclk domain 


rBset„dom[5] 


Section 2 pclk domain 


reset_doni(6] 


jdk domain 



The logic is given by 

if (reset_n == 0> then 

re8et:_<loa>(6:0] - 0x00 // reset everything 

reset_srcI3:0) = 0x01 
elsif (U8b__cpr_reset_n b= 0) then 

reset_dom(6:0] = 0x20 // all except coimns domain 

reset_8rc[3:03 " 0x02 
elsie (isi_cpr_refiet_n =« 0) then 

reset.do2nr6:0] = 0x20 // all except conns domain 

reset.src[3:0) « 0x04 
els if (tijrL_cpr_reset_n 0) then 

reset_dom[6:0] = 0x00 // reset everything 

reset_src[3 :01 = 0x08 
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else 

// propagate resets from reset section register 

reset_doinl5:0] = 0x3 F 

if (reset_fiection_n(0} == 0) then 

reaet_doin(3] 0 
if (reset_sectioA_nfl) =- O) then 

reset_doraf 4 J - 0 
if (reset_section_n(2} == 0> then 

reset_dom(5] « 0 



The gate enable logic is a combinational logic block used to generate gating signals for each of SoPECs 
clock domains. The gate enable (gate_domain) is generated based on the configured sleep_mode_jen and 
the internally generated Jclk_enable signal. 

The logic is given by 

// clock gating for sleep modes 
gate_dom [ 5 : 3 J = 0x7 // default to on 
for (i=0 ;i < 3 ; i++) { 

if (sleep_inode_en(i) == i) then 
9ate_dom{ i+3 ] = 0 
pwr_sleep.jnode(l] == 1 

) 

// jclk and remaining 
gate_dom£2 : 0) = 0x7 
gate_dom(6] = jclK.enable) 



The clock gate logic is used to safely gate clocks without generating any glitches on the gated clock. When 
Ae enable is high the clock is active otherwise die clock is gated. 



1 6.4.6 Gate enable logic 



16.4.7 Clock gate logic 



src_dk 



r 



1 



gate_dom 



gate_dom_retimed' 



gate.dock 



gate.dom^ 



gate.dom_retimed 




gate.ctodc 



8rc_clk- 



Figure 56. Clock gate logic diagram 
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1 6.4.8 Clock generator Logic 

The clock generator block contains the PLL, crystal oscillator, clock dividers and associated control and 
. test logic. The PLL VCO frequency is at 960Mhz locked to a 32 Mhz refclk generated by the crystal oscil- 
lator In test mode the xtalin signal can be driven directly by the test clock generator, the test clock will be 
reflected on the refclk signal to the PLL. 



xtaJin — 
xtalout 



Crystal 
OscilJator 



refdk 



pll_range^a • 
pU^range_b - 
pa^multplier • 
pU^tune - 



prst_n- 



PLL 



pH lock 



▼ 



• pILoutc 



Ctock 
Divider A 



Clock 
OMder B 



►Clk320 
i^cJkieO 
»dk106 



dk46 



Figure 57. PLL and Clock divider logic 



16.4.8.1 dock divider A 

The clock divider A block generate the 320Mh2, 160Mh2 and 106Mhz clocks from the input 320Mhz 
clock {pll_outb) generated by the PLL. The divider flips flops are asynchronously reset by the prst^n sig- 
nal. The divdeis are enabled only when the PLL has acqiured lock as indicated by the plljodc signal. 

16.4.8.2 dock divider B 

The clock divider B block generate the 48Mhz clock from the input 96Mhz clock (pU^outa) generated by 
the PLL. The divider flips flops are asynchrously reset by the prst_ji signal. The divders are enabled* only 
when the PLL has acquired lock as indicated by the plljock signal. 
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17 ROM Block 



17.1 Overview 

The ROM block interfaces to the CPU bus and contains the SoPEC boot code. The ROM block consists of 
the CPU bus interface, the ROM macro and the ChipID macro. The current ROM size is 16 KBytes imple- 
mented as a 4096 x32 macro. Access to the ROM is not cached because the CPU enjoys fast (no more than 
one cycle slower than a cache access), unarbitrated access to the ROM. 

Each SoPEC device is required to have a unique ChipID which is set by blowing fuses at manufacture. 
IBM*s 300mm ECID macro is to be used to implement the ChipID and this offers 112-bits of laser fuses. 
The exact number of fuse bits to be iised for the ChipID will be determined later but all bits are made 
available to the CPU. The ECID macro allows all 1 12 bits to be read out in parallel and the ROM block 
will make all 1 12 bits available in the FuseChipID/NJ registers which arc readable by the CPU in supervi- 
sor mode only. 

17.2 Boot operation 

The are two boot scenarios for the SoPEC device namely after power-on and after being awoken from 
sleep mode. When the device is in sleep mode it is hoped that power will actually be removed from the 
DRAM, CPU and most other peripherals and so the program code will need to be fieshly downloaded each 
time the device wakes up from sleep mode. In order to reduce the wakeup boot time (and hence the per- 
ceived print latency) certain data items are stored in the PS S block (see section 18). These data items 
include the SHA-1 hash digest expected for the pn>gram(s) to be downloaded, the master/slave SoPEC id 
and some configuration parameters (currently TBD). All of these data items are stored in the PSS by the 
CPU prior to entering sleep mode. The SHA-1 value stored in the PSS is calculated by the CPU by 
decrypting the signature of the downloaded program using the appropriate public key stored in ROM. This 
compute intensive decryption only needs to take place once as part of the power-on boot sequence - subse- 
quent wakeup boot sequences will simply use the resulting SHA-1 digest stored in the PSS. Note that the 
digest only needs to be stored in the PSS before entering sleep mode and the PSS can be used for tempo- 
rary storage of any data at all other times. 

The CPU is expected to be in supervisor mode for the entire boot sequence described by the pseudocode 
below. Note that the boot sequence has not been finalised but is expected to be close to the following: 

If (ResetSrc == 1) then // Reset was a power-on reset 

conf igure.sopec // need to configure peria (USB, ZSI, DMA, ICU etc.) 
// Othertarise reset was a wakeup reset so peris etc. were already configured 
PAUSE: wait until ZrqSemaphore !■ 0 //i.e. wait until an interrupt has been serviced 
i£ ( IrqSemaphore == DMAChanOMsg) then 

parse_jnsg(nMAChanOMsgPtr) // this routine will parse the message and take any 

// necessary action e.g. programming the OMAChannell registers 
elsif (IrqSemaphore == DMAChanlMsg) then // program has been downloaded 

CalculatedHash gen_shal(PrograinLocn, ProgramSize) 

if (ResetSrc == 1) then 

ExpectedHash = sig^decrypt (Programs ig) 

else 

ExpectedHash = PSSHash 
if (ExpectedHash == CalculatedHash) then 

jmp(PrgraTOLocn) // transfer control to the downloaded program 
else 

send_host_msg ( "Program Authentication Failed') 
goto PAUSE: 

elsif (IrqSemaphore == timeout) then // nothing has happened 
if (ResetSrc 1) then 
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sleep.modeO // put SoPEC into sleep mode to be woken up hy USB/ISI activity 
else //we were woken up but nothing happened 
reset.sopec ( PowerOnReset ) 

else 

goto PAUSE 

The boot code places no restricrions on the activity of any programs downloaded and authenticated by it 
other than those imposed by the configuration of the MMU i.e. the principal function of the boot code is to 
authenticate that any programs downloaded by it are from a trusted source. It is the responsibility of the 
downloaded program to ensure that any code it downloads is also authenticated and that the system 
remains secure. The downloaded program code is also responsible for setting the SoPEC ISIId (see section 
12.7 for a description of the ISIId) in a multi -SoPEC system. See the "SoPEC Securi^ Overview" docu- 
ment [9] for more details of the SoPEC security features. 

17.3 Implementation 

17.3.1 Oennitfons of I/O 



Table 57. ROM Slock I/O 





Em. 






Clocks and Resets 


prst_n 


1 


In 


Global reset. Synchronous 1o pdk, active low. 


pdk 


1 


In 


Global dock 


CPU Interface 


cpu.adff15:2] 


14 


(n 


CPU address bus. Only 14 bits are required to decode the address 
space for this block. 


rom_jcpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu^rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_ac6de[l:0] 


2 


In 


CPU Access Code signals. These decode as follows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 

1 1 * Supervisor data access 


cpu_roni_sel 


1 


In 


Block select from the CPU. When cpu^mm_$eft3 high cpu.adrls 
valid 


rom_cpu_rdy 


1 


Out 


Ready signal to the CPU. When mm_(^_nfy \s high It Indicates 
the last cyde of the access. Fbr a read cyde this rneans the data on 
romjcpujdata is valid. 


iom_cpu_berr 


1 


Out 


ROM bus error signal to the CPU indicating an invalid access. 



17.3,2 Configuration registers 

The ROM block will only allow read accesses to the FuseChipID registers with si^servisor data space per- 
missions (i.e. cpu_acode[l:0] = 11). All other accesses of the FuseChipID registers will result in 
rom_cpuJ)err being asseited. The ROM block allows all read accesses to the ROM itself (i.e supervisor or 



Doc: SoPEC^hardware^desIgn 
Version: 2.3 



S3 Proprietary Document 



«€9 Nov 2002 
Page 177 



SoPEC : Hardware Design 



user, data or program accesses). The CPU subsystem bus slave interface is described in more detail in sec- 
tion 9.4.3. 

Table 58. ROM Block Register Map 











OxBOOOto 
0x8004 


FuseChiplOIN] 


32 


n/a 


Value of corresponding fuse bits. (Read only) 



17.3.3 Sub-Block Partition 



IBM offer two variants of their ROM macros; A high performance version (ROMHD) and a low power 
version (ROMLD). It is likely that the low power version will be used unless some implementation issue 
requires the high performance version. BoA versions offer the same bit density. The sub-block partition 
diagram below does not include the clocking and test signals for the ROM or ECID macros. The CPU sub- 
system bus interface is described in more detail in section 1 1 .4.3. 
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Figure 58. Sub-block partition of the ROM block 

17.3.4 Sub-block signal definition 

Table 59. ROM Block Internal signals 















Clocks and Resets 






prsCn 1 1 1 Global reset. Synchronous to pdk, active low. 
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Table 59. ROM Block Internal signals 









pdk 


n 


1 Global dock 


Internal Signals 


rom_adr(1 1 :01 


12 


ROM address bus 


ronn_s0l 


1 


Select signa! to the ROM macro Instructing it to access the location 

at rvm_adr 


rom_oe 


1 


Output enable signal to the ROM block 


rom.data{31:0] 


32 


Data bus from the ROM otacix) to the CPU bus interface 


fonudvalid 


1 


Signal from the ROM macro indicating that the data on fxmt^data is 
valid for the address on rom^adr 


fuse_data(31.*0] 


32 


Data from the FuseChipfDfN] register addressed by fuse_reg^adr 


hise.reg_adr[1:0] 


2 


indicates whk:h of the FuseChipID registers is being addressed 
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18 Power Safe Storage (PSS) Block 

18.1 Overview 

The PSS block provides 1 28 bytes of storage space that will maintain its state when the rest of the SoPEC 
device is in sleep mode. The PSS is expected to be used primarily for the storage of decrypted signatures 
associated with downloaded programmed code but it can also be used to store any information that needs 
to survive sleep mode (e.g. configuration details). Note that the signature digest only needs to be stored in 
the PSS before entering sleep mode and the PSS can be used for temporary storage of any data at all other 
times. 

Prior to entering sleep mode the CPU should store all of the information it will need on exiting sleep mode 
in the PSS. On emerging from sleep mode the boot code in ROM will read the ResetSrc register in the CPR 
block to deteimine which reset source caused the wakeup. The reset source information indicates whether 
or not the PSS contains valid stored data, and the PSS data determines the type of boot sequence to exe- 
cute. If for any reason a full power-on boot sequence should be perfonned (e.g. the printer driver has been 
updated) then this is simply achieved by initiating a full software reset. 



18.2 Implementation 

The storage area of the PSS block will be implemented as a 128-byte register array. The array is located 
from PSS_base through to PSS3ase+0x7F in the address map. The PSS block will only allow read or 
write accesses with supervisor data space permissions (i.e. cpu_jacodefJ:OJ =11). All other accesses will 
result in pss^cpujberr being asserted The CPU subsystem bus slave interface is described in more detail 
in section 11.4.3. 
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18.2.1 Definitions of I/O 



Table 60. PSS Brock I/O 











Clocks and Resets 








prst_n 


1 


In 


Global reset. Synchronous to pdk. active k>w. 


pdk 


1 


In 


Global dock 


CPU Interface 


cpu_adr(6:2] 


5 


In 


CPU address bus. Only 5 bits are required to decode the address 
space for this block. 


cpu_dataout[3 1 :0] 


32 


In 


Shared write data bus from the CPU 


p88_cpu_dataC31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_nw 


1 


In 


Common readAiot-write signal from the CPU 


cpu.aoode[1.*0] 


2 


In 


CPU Access Code signals. These decode asiollows: 
00 - User program access 
01 ' User data access 

10 - Supervisor program access 

11 < Supervisor data access 


cpu.j>ss_8er 


1 


In 


Btock select from the CPU. When cpu _pss_se/ is high l>oth qxi^adr 

and cpu_dataout &XQ valid 


pss_cpu_rrfy 


1 


Out 


Ready signal to the CPU. When pss_cpu_rxfy \s high it indicates the 
last cyde of the access. For a read cycle this means the data on 
pss.qptiLdafia Is valid. 


pss.cpu^berr 


1 


Out 


PSS txis error signal to the CPU Indicating an Invalid access. 
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19 Low Speed Serial interface (LSS) 



19.1 Overview 



The Low Speed Serial Interface (LSS) provides a mechanism for the interna) SoPEC CPU to communicate 
with external QA chips via two independent LSS buses. The LSS communicates through the GPIO block 
to the QA chips. This allows the QA chip pins to be reused in multi-SoPEC environments. The LSS Mas- 
ter system-level interface is illustrated in Figure 59. Note that multiple QA chips are allowed on each LSS 
bus. 

CPU sub-system bus 



CPU 



LSS Master 



SoPEC 



GPIO 



LSS bus 0 



QA Chip 0 



QAChipl 



LSS busi 



QAChlp2 



QAChIp3 



Figure 59. LSS master systenvlevel interface 



19.2 QA COMMUNICATION 



The SoPEC data interface to the QA Chips is a low speed, 2 pin, synchronous serial bus. Data is trans* 
fened to the QA chips via the iss_data pin synchronously with the Iss^clk pin. When the iss^clk is high the 
data on Iss_data is deemed to be valid. Only the LSS master in SoPEC can drive the Iss^cik pin, this pin is 
an input only to the QA chips. The LSS block must be able to interface with an open-collector pull-up bus. 
This means that when the LSS block should transmit a logical zero it will drive 0 on the bus, but when it 
should transmit a logical 1 it will leave high-impedance on the bus (i.e. it doesn't drive the bus). If all the 
agents on the LSS bus adhere to this protocol then there will be no issues with bus contention. 

The LSS block controls all communication to and from the QA chips. The LSS block is the bus master in 
all cases. The LSS block interprets a command register set by the SoPEC CPU, initiates transactions to the 
QA chip in question and optionally accepts return data. Any return information is presented through the 
configuration registers to the SoPEC CPU. The LSS block indicates to the CPU the completion of a com- 
mand or the occurrence of an error via an interrupt. 



19,2-1 Start and stop conditions 



All transmissions on the LSS bus are initiated by the LSS master issuing a START condition and termi- 
nated by the LSS master issuing a STOP condition. START and STOP conditions are always generated by 
the LSS master. As illustrated in Figure 60, a START condition corresponds to a high to low transition on 
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lss_data while lss_clk is high. A STOP condition corresponds to a low to high transition on Iss^data while 
lss_clk is high. 



Iss.daca 



Iss.clk 




START STOP 
CXINDmON CONDmON 

Rgure 60. START and STOP conditions 

19.2^ Data transfer ^ 

Data is transferred on the LSS bus via a byte orientated protocol. Bytes are transmitted serially. Each byte 
is sent most significant bit (MSB) first through to least significant bit (LSB) last. One clock pulse is gener- 
ated for each data bit transferred. Each byte must be followed by an acknowledge bit 

The data on the Iss^data must be stable during the HIGH period of the lss_plk clock. Data may only 
change when bs_clk is low. A transmitter outputs data after the falling edge of Issjcik and a receiver inputs 
the data at the rising edge of lss_clk. This data is only considered as a valid data bit at the next lss_clk fall- 
ing edge provided a START or STOP is not detected in the period before the next Issjclk falling edge. All 
clock pulses are generated by the LSS block. The transmitter releases the Iss^data line (high) during the 
acknowledge clock pulse (ninth clock pulse). The receiver must pull down the lss_data line during the 
acknowledge clock pulse so that it remains stable low during the HIGH period of this clock pulse. 

Data transfers follow the format shown in Figure 61. The first byte sent by the LSS master after a START 
I condition is a primary id byte» where bits 7-2 form a 6-bit primary id (0 is a global id and will address all 

QA Chips on a particular LSS bus)» bit 1 is an even parity bit for the primary id, and bit 0 forms the read/ 
write sense. Bit 0 is high if the following conunand is a read to the primary id given or low for a write 
command to that id. An acknowledge is generated by the QA chip(s) corresponding to the given id (if such 
a chip exists) by driving the Issjiata line low synchronous with the LSS master generated ninth Issjclk. 



Iss.data f >its7> bUO \ Ack / ybite7-^] (~bttO ]^ Acfc j \hial' ^ bitO )( Nack \ \ f \ 

• ' * * * * 11 

T\I''\JAJ^''AJAJAJ'''AJ^^ 

1?' I II II 1 I ri 1 I II I 1?' 

START IDbytt(7:lJ R>W ACK DATA ACK DATA ACK STOP 

coadidoa MnAMt^n 

Rgure 61. LSS transfer of 2 data bytes 



19.2.3 Write procedure 

The protocol for a write access to a QA Chip over the LSS bus is illustrated in Figure 63 below. The LSS 
master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It then trans- 
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raits the primary id byte with a 0 in bit 0 to indicate that the following command is a write to the primary 
id An acknowledge is generated by the QA chip corresponding to the given primary id. The LSS master 
will clock out M data bytes with the slave QA Chip acknowledging each successful byte written. Once the 
slave QA chip has acknowledged the data byte the LSS master issues a STOP condition to complete 
the transfer. The QA chip gathers the M data bytes together and interprets them as a command. See QA 
Chip Interface Specification for more details on the format of the commands used to communicate with 
the QA chip[8]. Note that the QA chip is free to not acknowledge any byte transmitted. The LSS master 
should respond by issuing an interrupt to the CPU to indicate this error. The CPU should then generate a 
STOP condition on the LSS bus to gracefully coraplctt the transaction on the LSS bus. 



ByteO 



ByeM-l BytcM 













s 


IDbyte[7:l} 

















Dau(8) 


lI 


Dats(8) 


i 



3 



S = Stait coa<lioon 
A = AcIc 
N = Nank 
P = Stop condition 
Shaded bits driven by stave 



Figure 62. Example of LSS write to a QA Chip 



19.2.4 Read procedure 

The LSS master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It 
then transmits the primary id byte with a 1 in bit 0 to indicate that the following command is a read to the 
primary id. An acknowledge is generated by the QA chip corresponding to the given primary id. The LSS 
master releases the Iss^data bus and proceeds to clock the expected number of bytes from the QA chip 
with the LSS master acknowledging each successful byte read. The last ^peaed byte is not acknowledged 
by the LSS master It then completes the transaction by generating a STOP condition on the LSS bus. See 
QA Chip Interface Specification for more details on die fonxiat of the commands used to communicate 
with the QA diip[8]. 

S s Stait condicxoa . 
AsAck 
N^Nack 
P = Stop condition 
Shaded bits driven by slave 




Rgure 63. Example of LSS read from QA Chip 
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1 9.3 Implementation 

A block diagram of the LSS master is given in Figure 64. It consists of a block of configuration registers 
that are programmed by the CPU and two identical LSS master units that generate the signalling protocols 
on the two LSS bxxscs as well as interrupts to the CPU. The CPU initiates and terminates transactions on 
the LSS buses by writing an appropriate command to the command register, writes bytes to be transmitted 
I to a fifo and reads bytes received from a fifo, and checks the sources of interrupts by reading status regis- 

ters. 
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32 
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Figure 64. LSS block diagram 
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19.3.1 Definitions of lO 



Table 61 . LSS lO pins definitions 







WWW: 




Clocks and Resets 


pdk 


1 


In 


System Ckx^ 


prst_n 


1 


In 


System reset, synctironous active low 


CPU Interface 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_adff7:2J 


5 


In 


CPU address bus. Only 6 bits are required to decode the 
address space for this block 


cpu_dataout[d1:0] 


32 


In 


Shared write data bus from the CPU 


cf>u_acode[1:0] 


2 


In 


CPU access code signals. 

cpu_acode[0] • Program (0) / Data (1) access 

cpu_acode[1 ] • User (0) / Supervisor (1) access 


cpti_lss.8el 


1 


In 


Block select from the CPU. When cpujs$jsells high both 
cpu.adr and cpu.c^ataouf are valid 


lss_cpu_fdy 


1 


Out 


Ready signal to the CPU. When /55.eyn/_Ady is high it indk:ates 
the last cycle of the access. For a write cycle this means 
cpu^dataoutfm been registered by the LSS block and for a 
read cyde this means the data on Issjcpujiiata is valid. 


tes_cpu_berr 


1 


Out 


LSS bus error signal to the CPU. 


l8s.cpu_data[31 .-0] 


32 


Out 


Read data bus to the CPU 


lss_cpij_debug_valid 


1 


Out 


Active high. Indicates tfie presence of valkl debug data on 
lss__cpu_(iata. 


GPIO for LSS buses 


lss_oplojdo[1:0] 


2 


Out 


LSS bus data output 
BitO-LSSbusO 
Bit 1 - LSS bus 1 


gpio_l8s_di[1:0] 


2 


In 


LSS bus data input 
BttO-LSSbusO 
Bit 1 - LSS bus 1 


ls$^lo_e(1:0] 


2 


Out 


LSS bus data output enable, active high 
BitO-LSS busO 
Bit 1 - LSS bus 1 


lss_Qplo_dk(l:OJ 


2 


Out 


LSS bus dock output 
BftO-LSS busO 
Bit 1 - LSS bus 1 


ICU Interface 


lss„k^Jrq[1:0] 


2 


Out 


LSS interrupt requests 

BH 0 • interrupt associated with I.SS bus 0 

Bit 1 - Interrupt assodated with LSS bus 1 
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19.3.2 Configuration registers 

The configuration registers in the LSS block are programmed via the CPU interface. Refer to section 1 1 .4 
on page 69 for the description of the protocol and tiniing diagrams for reading and writing registers in the 
LSS block. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the LSS block. Table 62 lists the configuration registers in the LSS block. When reading a register that is 
less than 32 bits wide zeros should be returned on the upper unused bit(s) of Iss^cpujiata. 

The input cpu_acode signal indicates whether the current CPU access is supervisor, user, program or data. 
The configuration registers in the LSS block can only be read or written by a supervisor data access, i.e. 
when cpujacode equals bll. If the current access is a supervisor data access then the LSS responds by 
asserting Issjcpujrdy for a single clock cycle. 

If the current access is anything other than a supervisor data access, then the LSS generates a bus error by 
asserting Iss^cpujberr for a single clock cycle instead of lss_cpu_rcfy as shown in section 11. 4 on page 69. 
A write access will be ignored^ and a read access will return zero. 



Table 62. LSS Control Registers 













Control registers 


0x00 


Ret^et 


1 


0x1 


A write to this register causes a reset of the LSS. 


0x04 


LssClodcHighPerfod 


16 


0X00C8 


High period of tss_dk expressed as a number of pdk. 
cydes. Transmission over the LSS bus is at a nominal 
rate of 400kHz« con^esponding to a high period of 200 
pdk (1 60Mh2) cycles for a 50/50 duty cyde. 


0x08 


LssClockLowFerlod 


16 


OxOOCS 


Low period of Iss^cfk expressed as a number of pdk 
cycles. Transmission over the LSS bus is at a nominat 
rats of 400kHz. oon-espondtng to a low period of 200 
pdk <1 60Mhz} cydes for a 50/50 duty cyde. 


LSS bus 0 registers 


0x10 


LssOlntStatus 


3 


0x0 


LSS bus 0 Interrupt status registers 

Bit 0 • command completed successfully 

Bit 1 - error during processing of command, 

not -adcnowiedge received after transmission 

of primary id byte on LSS bus 0 
Bit 2 • error during processing of command. 

not -adcnowiedge received after transmission 

of data byte on LSS bus 0 
A 1 in a bit of IssO.staftis.sef signal causes the oorre* 
spending bit in LssOlntStatus register to be set. 
AO the bits in LssOfntStaius are d eared when the 
LssOCmtf register gets written to. 
(Read only register) 


0x14 


LssOCurrentState 


4 


0x0 


Gives the current state of the I^S bus 0 state 
machine. (Read only register). 
(Encoding wtil be spedfied upon state nnachlne Imple- 
mentation) 


0x18 


LssOCmd 


22 


0x00 
.0000 


Command register defining sequence of events to 
perform on LSS bus 0 before Interrupting CPU. 
A write to this register causes all the bits In the 
LssOlntStatus register to be deared as well as gener- 
ating a /ssCL/Tsiy_cmd pulse. 
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Table 62. LSS Control Registers 























0x1C-0x2C 


Us0mb[4:0j 


5X32 


0x0000 
_0000 


LSS Data buffer Should be filled with transmit data 
before transmit command, or read data bytes received 
after a valid read command. 


LSS bus 1 registers 


0x30 


UsIfmStatus 


3 


0x0 


LSS bus 1 1nterrupt status registers 

Bit 0 - command completed successfully 

Bit 1 - enoT during processing of command, 

not -acknowledge received after transmission 

of primary Id byte on LSS bus 1 
Bit 2 * error during processing of command. 

not acknowledge received after trarismisskxi 

of data byle on LSS bus 1 
A 1 in a bit of tesr_sfaft/s_sef signal causes the corre* 
spending bit in LssUntStatus register to be set 
All the bits in LssUntStatus are deared when the 
LsslCmd register gets written to. 
(Read only register) 


0x34 


LsslCurrentState 


4 


0x0 


Gives the current state of the LSS bus 1 state 

machine. (Read only register) 

(Encoding will be specified upon state machine Imple* 

mentation) 


0x38 


LsslCmd 


22 


0x00_ 
0000 


Comnfuufid register defining sequence of events to 
perfbrm on LSS bus 1 before intemipfing CPU. 
A write to this register causes all the bits in the 
LssUntStatus register to t>e deared as well as gener- 
ating a tssl^new^cmdpviise. 


0x3C-0x4C 


Lss1Buffer{4:01 


5x32 


0x0000 
_0000 


LSS Data txjffer. Should be filled with transmit data 
before transmit oomnumd, or read data t>ytes received 
afler a valid read command. 


Debug registers 


0x50 


LssDebugSel 


5 


0x00 


Selects register for detMjg output. This value is used 
as the input to the register decode logic Instead of 
qpi/.ad/fd.'^; when the ISS blodc not being 
accessed by the CPU, i.e. when cpu_lss_sells 0. 
The output tss_cpu^(fetxjg_vaiid Is asserted to Indi- 
cate that the data on lss_cpu_<fata Is valid debug 
data. This data can be mutliplexed onto chip f^ns dur- 
ing debug mode. 



19.3.2.1 LSS command registers 

The LSS cominand registers define a sequence of events to perform on the respective LSS bus before issu- 
ing an interrupt to the CPU. There is a separate command register and interrupt for each LSS bus. The for- 
mat of the command is given in Table 63. The CPU writes to the command register to initiate a sequence 
of events on an LSS bus. Once the sequence of events has completed or an error has occurred, an interrupt 
is sent back to the CPU. 

Some example commands are: 

• a single START condition CStart ==; 1 . IdByteEnable « 0. RdWrEnable « 0, Stop = 0) 

• a single STOP condition (Start = 0, IdByteEnable = 0, RdWrEnable = 0, Stop = 1) 

• a START condition followed by transmission of the id byte {Start 1, IdByteEnable = 1, RdWrEnable 
= 0, Stop = 0, MByte contains primary id byte) 
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I -a write transfer of 20 bytes from the data buffer (Start - 0, IdByteEnable «?= 0, RdWrEnable = 1, 

RdWrSense = 0, Stop » 0, TxRxByteCount = 20) 
I • a read transfer of 8 bytes into the data bufiTer {Steu^t » 0. IdByteEnable - 0, RdWrEnable = i, 

RdWrSense = 1 , ReadNack = ft Stop = 0, TxRxByteCount = 8) 

♦ a complete read transaction of 16 bytes {5W/'=l,/£/S>te£/iaWe= I, RdWrEnable^ I, RdWrSense '^l, 
ReadNack = I, Stop = 1 , IdByte contains primary id byte, TxRxByteCount =16), etc. 

The CPU can thus program the niunber of bytes to be transmitted or received (up to a maximum of 20) on 
the LSS bus before it gets interrupted This allows it to insert aibitrary delays in a transfer at a byte bound- 
, ary. For example' the CPU may want to transmit 30 bytes to a QA chip but insert a delay between the 20^ 

I and 21"* bytes sent. It docs this by first writing 20 bytes to the data buffer. It then writes a command to gen- 
erate a START condition^ send the primary id byte and then transmit the 20 bytes from the data buffer. 
When interrupted by the LSS block to indicate successful completion of the command the CPU can then 

I write the remaining 10 bytes to the data buffer. It can then wait for a defined period of time before writing 
a conrniand to transmit the 10 bytes from the data buffer and generate a STOP condition to terminate the 
transaction over the LSS bus. 

An internet to the CPU is generated for one cycle when any bit in LssNIntStatus is set. The CPU can read 
LssNIntStatus to discover the source of the tntenupt and can clear a bit in LssNIntStatus by writing a 1 to 
the corresponding bit in LssNIntStatus register. Alternatively the CPU can start a new command which 
will automatically reset all LssNIntStatus bits. 



Table 63. LSS command register description 



p#1 






0 


start 


When 1 , Issue a START condition on the LSS bus. 


1 


IdByteEnable 


ID byte transmit enable: 

1 • transmit byte in tdBytafleSd 

0 - Ignore byte In IdByte field 


2 


RdWrEnable 


ReadAvrite transfer enable: 

0 - ignore settings of RdWrSense, ReadNack and TxRxByteCount 

1 - ft RdWrSense is 0. then perform a write transfer of TxRxByteCount bytes from the 

data buffer. 

if RdWrSense Is 1, tfien perform a read transfer of TxRxByteCount bytes into tfie 
data buffer. Eadi tjyte should be acknowledged and ttie last byte received is 
acknowtedgetVhot-edcnowledsed according to the setting of ReadNack. 


3 


RdWrSense 


Read^te sense indicator: 
0- write 
1 *read 


4 


ReadNadc 


Indicates, for a read transfer, whether to issue an acknowledge or a not-ackrx>wfedge 
after the Jast byte received (indicated by TxRxByteCounfi. 

0 - issue acknowledge after last byte received 

1 - issue not-acknowtedge after last byte received. 


5 


Stop 


When 1 . issue a STOP condition on the LSS bus. 


7:6 


reserved 


Must be 0 


15:8 


IdByte 


Byte to t>e transmitted if tdByteEnatie is 1 . Bit 8 corresponds to the l-SB. 


20:16 : 


TxRxByteCount 


Number of bytes to be transmlned from the data buffer or the number of l3ytes to be 
received Into the data buffer. The maximum value that should be programmed is 20. as 
the size of the data tMiffer is 20 bytes. 



The data buffer is implemented in the LSS master block. When the CPU writes to the LssNBuffer registers 
the data written is presented to the LSS master block via the lssNJbuffer_wrdata bus and configuration 
registers block pulses the lssN_buffer_}¥en bit corresponding to the register written. For example if LssN- 
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Buffer [2] is written to bsN_buffer_w€nf2J will be pulsed. When the CPU reads the LssNBuffer registers 
the configuration registers block reflect the IssNJmfferjrdata bus back to the CPU. 

19.3.3 LSS master unit 

The LSS master unit is instantiated for both LSS bus 0 and LSS bus 1 . It controls transactions on the LSS 
bus by means of the state machine shown in Figure 65, which interprets the commands that are written by 
the CPU. It also contains a single 20 byte data buffer used for transmitting and receiving data. 

The CPU can write data to be transmitted on the LSS bus by writing to the LssNBuffer registers. It can also 
read data that the LSS master unit receives on the LSS bus by reading the same registers. The LSS master 
always transmits or receives bytes to or from the data buffer in. the same order. For example a transmit 
command 

For a transmit conunand, LssNBuffer [0] [7:0] gets transmitted first, then LssNBuffer [0] [15:8], LssNBuf- 
fer [0] [23: 16]. LssNBuffer[0][3J:24], LssNBuffer [I] [7:0] and so on until TxRxByteCount number of 
bytes are transmitted. A receive command fills data to the buffer in the same order. Each new command the 
buffer start point is reset. 

All state machine outputs, flags and counters are cleared on res^ After a reset the state machine remains 
in the Idle state until lss_cmd_yalid equals 1. If the Start bit of the command is 0 the state machine pro- 
ceeds directly to the CheckldByteEnable state. If the Start bit is 1 it proceeds to the GenerateStart state 
and issues a START condition on the LSS bus. 

In the CheclddByteEnable state, if the LdByteEnable bit of the command is 0 the state machine proceeds 
directly to the CheckRdWrEnable state. If the IdByteEnable bit is 1 the state machine enters the SendJd- 
Byte state and the byte in the MByte field of the command is transmitted on the LSS. The WaitForldAck 
state is then entered. If the byte is acknowledged, the sUte machine proceeds to the CheckRdWrEnable 
state. If the byte is not-acknowledged, the state machine proceeds to the Generatelnterrupt state and issues 
an interrupt to indicate a not-acknowledge was received after transmission of the primary id byte. 

In the CheckRdWrEnable state, if the RdWrEnable bit of the conunand is 0 the state machine proceeds 
directly to the CheckStop state. If the RdWrEnable bit is 1 , count is loaded with the value of the TxRxByte- 
Count field of the conmiand and the state machine enters either the ReceiveByte state if the RdWrSense bit 
of the command is 1 or the TransmitByte state if the RdWrSense bit is 0. 

For a write transaction, the state machine keeps transmitting bytes from the data buffer, decrementing 
count after each byte transmitted^ until count is 1. If all the bytes are successfully transmitted the state 
machine proceeds to the CheckStop state. If the slave QA chip not-acknowledges a transmitted byte, the 
state machine indicates this error by issuing an interrupt to the CPU and then storing the Generatelnter- 
rupt state. 

For a read transaction, the state machine keeps receiving bytes into the data buffer, decrementing count 
after each byte transmitted, imtil count is 1. After each byte received the LSS master must issue an 
acknowledge. After the last expected byte (i.e. when count is 1) the state machine checks the ReadNack bit 
of the command to see whether it must issue an acknowledge or not-acknowledge for that byte. The 

CheckStop state is then entered. 

In the CheckStop state, if the Stop bit of the command is 0 the state machine proceeds directly to the Gen- 
eratelnterrupt state. If the Stop bit is 1 it proceeds to the GenerateStop state and issues a STOP condition 
on the LSS bus before proceeding to the Generatelnterrupt state. In both cases an interrupt is issued to 
indicate successful completion of the command. 

The state machine then enters the Idle state to await the next command. 

The CPU may abort the current transfer at any time by perfonning a write to the Reset register of the LSS 
block. 
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19.3.3. 1 START and STOP generation 

START and STOP conditions, which signal the beginning and end of data transmission, occur when the 
LSS master generates a felling and rising edge respectively on the data while the clock is high. 

In the GenerateStart stale, lss_gpio_clk is held high with Iss _gpiojs remaining deasseited (so the data line 
is pulled high externally) for LssClockHighPeriod pclk cycles. Then Iss _gpioje is asserted and 
Iss^^iojio is pulled low (to drive a 0 on the data line, creating a falling edge) with Iss _gpiojclk remain- 
ing high for anoiheiT LssClockHighPeriod pc!k cycles. 

In the GenerateStop state, both lss_gpio_clk and Iss _gpiojdo are pulled low followed by the assertion of 
Iss^gpio^e to drive a 0 while the clock is low. After LssClockLowPeriod pclk cycles, Iss^gpio^clk is set 
high. After a further LssClockHighPeriod pclk cycles, lss,_gpio_e is deasscrted to release the data bus and 
create a rising edge on the data bus during the high period of the clock. 

19.3.3.2 dock pulse generation 

The LSS master holds lss_gpio_clk high while the LSS bus is inactive. A clock pulse is generated for each 
bit transmitted or received over the LSS bus. It is generated by first holding Iss ^io^clk low for LssCiock- 
LowPeriod pcik cycles^ and then high for LssClockHighPeriod pclk cycles. 

19.3.3.3 Data reception 

The input data, gpio_lss_di^ is first synchronised to the ^c/Jb domain by means of two tlip-fiops clocked by 
pclk. The LSS master generates a clock pulse for each bit received. The output iss _gpio_e is deasserted on 
the falling edge of iss^gpio^clk to release the data bus. The value on the synchronised gpio_lss_di is sam- 
pled on the rising edge of lss_gpio_clk (the data should be averaged over a further 3 stage register to avoid 
possible glitch detection). The data is only considered as a valid bit at the next falling edge of Iss ^io^clk 
provided a START or STOP is not generated in the meantime. " 

In the ReceiveByte state, the state machine generates 8 clock pulses. On each rising edge of Iss ^io^clk 
the synchronised gpiojss^di is sampled. The first bit sampled is LssNBuffer[0J[7J^ the second LssNBuf- 
MPlt^]* etc to LssNBuff'er[0][0], For each byte received the state machine either sends an NAK or an 
ACK. depending on the command configxiration and the number of bytes received. 

Kn the SendNack state the state machine generates a single clock pulse. lss,jgpio^e is deasserted and the 
LSS data line is pulled high externally to issue a not-acknowledge. 

In the SendAck state the state machine generates a single clock pulse, bs _gpio_e is asserted and a 0 driven 
on Iss^gpio^do after Iss^gpio^clk falling edge to issue an acknowledge. 

19.3.3.4 Data transmission 

The LSS master generates a clock pulse for each bit transmitted. Data is output on the LSS bus on the fell- 
ing edge of iss_gpio_j:lk. 

When the LSS master drives a logical zero on the bus it will assert Iss^io^e and drive a 0 on £^5- _gpio_jio 
after Iss^^iojclk failing edge. Iss^gpio^e will remain asserted and Iss^gpio^do will remain low until the 
next lss_clk falling edge. 

When the LSS master drives a logical one Iss^gpio^e should be deasserted at Iss^io^clk falling edge and 
remain deasserted at least until the next lss^io_clk falling edge. This is because the LSS bus will be 
externally pulled up to logical one via a pull-up resistor. 

In the Sendid byte stale, the state machine generates 8 clock pulses to transmit the byte in the IdByte field 
of the current valid command. On each falling edge of Iss^^gpio^clk a bit is driven on the data bus as out- 
lined above. On the first falling edge IdBytef7J is driven on the data bus. on the second falling edge 
IdByte f6J is driven out, etc. 
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In the TransmitByte state, the state machine generates 8 clock pulses to transmit the byte at the output of 
the transmit FIFO. On each falling edge of lss^io_clk a bit is driven on the data bus as outlined above. 
On the first falling edge LssNBufferfOJf7J is driven on the data bus, on the second falling edge LssNBuf- 
fer[0J[6] is driven out, etc on to LssNBufferfOJ[7] bits. 

In the WaitForAck state, the state machine generates a single clock pulse. On the rising edge of 
Iss^io^clk the synchronized gpiojssudi is sampled. A 1 indicates an acknowledge and ack_jdetect is 
pulsed, a 0 indicates a not-acknowledge and nack_detect is pulsed. 

i9.3.3.5 Data rate control 

The CPU can control the data rate by setting the clock period of the LSS bus clock by programming appro- 
priate values in LssCloddiighPeriod and LssClockLowPenod. The defeult setting for both registers is 200 
(pclk cycles) which corresponds to transmission rate of 400kHz on the LSS bus. 
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State machine outputs. I$$ Jcu_irq and 
LssStatusSet are zero unless otherwise 
indicated. 



Reset OR pfst n 




Figure 65. LSS master state machine 
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DRAM Subsystem 



SI 
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20 DRAM Interface Unit (DIU) 



20.1 



Overview 



Figure 66 shows how the DIU provides the interface between the on-chip 20 Mbit embedded DRAM and 
the rest of SoPEC. In addition to outlining the ftmctionaJity of the DIU, this chapter provides a top-leve! 
overview of the memory storage and access patterns of SoPEC and the buffering required in the varioxis 
SoPEC blocks to support those access requirements. 

The main functionality of the DIU is to arbitrate between requests for access to the embedded DRAM and 
provide read or write accesses to the requesters. The DIU must also implement the initialisation sequence 
and refresh logic for the embedded DRAM. 

The arbitration mechanism is a hierarchical timeslot mechanism providing guaranteed bandwidth and 
latency to each DIU requester* with mused slots re-allocated to provide best effort accesses. The arbitra- 
tion scheme is fully programmable. 

The interface between the DIU and the SoPEC requesters is similar to the interface on PECl i.e. separate 
control, read data and write data busses. 

The embedded DRAM is used principally to store: 

« CPU program code and data. 

• PEP {re)programming commands. 

« Compressed pages containing contone, bi-level and raw tag data and header information. 

• Decompressed contone and bi-level data. 

• Dotline store during a print. 

• Print setup information such as tag format structures, dither matrices and dead nozzle information. 
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Figure 66. SoPEC System Top Level partition 
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20.2 IBM Cu-1 1 Embedded DRAM 

20.2.1 Single bank 

SoPEC will use the 1,5 V core voltage option in IBM's 0.13 |im class Cu-1 1 process. 

. The random read/write cycle time and the refresh cycle time is 3 cycles at 160 MHz [16]. An open page 
access will complete in 1 cycle if the page mode select signal is clocked at 320 MHz or 2 cycles if the page 
mode select signal is clocked every 160 MHz cycle. The page mode select signal will be clocked at 320 
MHz in SoPEC. The DRAM word size is 256 bits. 

Most SoPEC requesters will make single 256 bit DRAM accesses (see Section 20.4). These accesses will 
take 3 cycles as they are random accesses i.e. they will most likely be to a different memory row than the 
previous access. 

The entire 20 Mbit DRAM will be implemented as a single memory bank. In Cu-1 1 , the maximum single 
instance size is 16 Mbit. The first 1 Mbit tile of each instance contains an area overhead so the cheapest 
solution in terms of area is to have only 2 instances. 16 Mbit and 4Mbit instances would toge&er consume 
an area of 14.63 mm^ as would 2 times 10 Mbit instances. 4 times 5 Mbit instances would require 17.2 
mm^. 

The instance size will determine the frequency of refresh. Each refresh requires 3 clock cycles. In Cu-1 1 
each row consists of 8 columns of 256-bit words. This means that 1 6 Mbit requires 8 1 92 rows. A complete 
DRAM refresh is required every 3.2 ms. This would mean a row would have to be refreshed every 62 
cycles. Two times 10 Mbit instances would require a refresh every 100 clock cycles, if the instances are 
refreshed in parallel. Having 4 times 5 Mbit instances means a refresh is required only every 200 cycles. 

The SoPEC DRAM will be constructed as two 10 Mbit instances implemented as a single memory bank. 
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20.3 SoPEC Memory Usage Requirements 

The memory usage requirements for die embedded DRAM are shown in Table 64'. 



Table 64. Memory Usage Requirements 









Cornpressed page store 


2048 Kbytes 


Compressed data page store for Bi-level 
and contone data 


Decompressed Conine 
Store 


108Kt>yte 


1 3824 Ones with scale factor 6 = 2304 pixels, 
store 12 lines. 4 colors = 108 kB 
13824 Dnes with scale factor S s 2765 pbcets, 
store 12 (irtes, 4 colors = 1^ kB 


Spot line store 


5.1 Kbyte 


1 3824 dots/line so 3 lines is 5 1 kB 


Tag Format Structure 


55 Kbyte (384 dot Gne tags « 
1600 dpi) 

12 Kbyte (2.5 mm tags Q 800 
dpi) 


55 kB in for 384 dot line tags 

2J5 mm tags (1/10th inch) @ 1600 dpi require 

160 dot lines = 160/384 xS5 or 23 kB 

2.5 mm tags 9 800 dpi require 80/384 x55 » 

12 kB 


OJther Matrix store 


4Kbytes 


64x64 dither matrbc is 4 kB 
128x128 dither matrix Is 16 kB 
256x256 dither matrix is 64 kB 


DNC Dead Nozzle Tatile 


1.4Kbytes 


Delta encoded. (1 0 bit delta position + 6 dead 
nozzle mask) x% Dnozzle 
5% dead nozzles requires (1046)x 692 Dnoz- 
zles^ 1.4 Kbytes 


Oot-Rne store 


319 Kbytes 


Assume each color row is separated by 5 dot 
lines on the print head 
The dot One store will be 0+5+10.. .50^^55 = 
330 half dot lines * 48 extra half dot Ones <4 
per dot n>w) = 378 half dot lines » 31 SKbytes 


PCU Program code 


8 Kbytes 


1024 commands of 64 bits » 8 kB 


CPU 


64 Kbytes 


Program code and data 


TOTAL 


2570 Kbytes (1 2 Kbyte TPS 
storage) 

2613 Kbytes (55 Kbyte TPS) 





Note: 

• Total storage of 2570 Kbytes will be reduced to 2560 Kbytes to align to 20 Mbit DRAM. 
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20.4 SoPEC Memory Access Patterns 

Table 65 shows a summaiy of the blocks on SoPEC requiring access to the embedded DRAM and their 
individual memory access patterns. Most blocks will access the DRAM in single 256-bit accesses. All 
accesses must be padded to 256-bits except for 64-bit CDU write accesses and CPU write accesses. Bits 
which should not be written are masked using the individual DRAM bit write inputs or byte write inputs, 
depending on the foundry. Using single 256-bit accesses means that the buffering required in the SoPEC 
DRAM requesters will be minimized 



Table 65. Memory access patterns of SoPEC DRAM Requesters 



SDgAM:tgqu m 


1 5W!?fl£r 




CPU 


R 


Single 256-bit reads. 


W 


Single 32-blt. 16-bit or 8-bit writes. 




w 


Single Zao-oit writes. 


kAjXJ 


R 


Single 256-b{t reads of the compressed oontone data. 


W 


Each CDU access is a write to 4 consecutive ORAM words in the same row 
tHJt only 64 bits of each word are written with the remaining bits write 
masked. 

The access time for this 4 word page mode txirst is3'»-l4-1<i>1s6 cycles 
if the page mode select signal is docked at 320 MHz. 


CPU 


R 


Stngte 256 bit reads. 


L8D 


R 


Single 256 bK reads. 




Q 


Sepsrate single 256 bit reads for previous and current line but sHarfr^ the 
same DIU interface 


W 


Single 256 bit writes. 


TE{TD) 


R 


Single 256 bit reads. Each read returns 2 times 1 28 bit tags. 


TECTPS) 


R 


Single 256 bit reads. TPS is 1 36 bytes. This means there is unused data in 
the fifth 256 bit read. A total of 5 reads is required. 


HCU 


R 


Single 256 bit reads. 1 28 x 128 dither matrix requires 4 reads per line with 
double buffering. 256 x 256 dither matrbc requires 8 reads at the end of the 
line with single buffering. 

Dither matrices have start address, end address and Gne advance Incre- 
ment 


ONC 


R 


Single 256 bit dead nozzle table reads. Each dead nozzle table read con* 
tains 16 dead^ozzle tables entries each of 10 defta bits plus 6 dead nozzle 
mask bits. 


owu 


W 


Single 256 bit writes since enable/disable DRAM access per color plane. 


LLU 


R 


Single 256 bit reads since enable/dlsatile DRAM access per color plane. 


pcu • 


R 


Single 256 bit reads. Each PCU command Is 64 bits so each 256 bit word 
can contain 4 PCU commands. 

PCU reads from DRAM used for reprogramming PEP should k>e executed 

with minimum latency. 

If this occurs between pages then there will t>e free k)andwldth as most of 
the other SoPEC Units will not be requesting from DRAM. If this occurs 
between bands then the LDB. CDU and T£ bandwidth will be free. So the 
PCU should have a high priority to access to any spare bandwidth. 


Refresh 




Single refresh. 
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20.5 Buffering Required in SoPEC DRAM Requesters 

If each DIU access is a single 256-bit access then we need to provide a 256-bit double buffer in the DRAM 
requester. If the DRAM requester has a 64-bit interface then this can be implemented as an 8 x 64-bit 
HFO. 



Table 66. Buffer sizes In SoPEC DRAM requesters 



DRAM 
Requester 


Direction 


Access patterns 


Buffering required in 
block 


CPU 


R 


Single 256-bit reads. 


Cache. 


W 


Single 32-bit writes but allowing 16-bit or byte 
addressatsle writes. 


None. 


see 


W 


Single 256-bit writes. 


Double 
256-bH buffer. 


CDU 


R 


Single 256-bit reads of the compressed oontone 
data. 


Double 256*bit buffer. 


W 


Each CDU access is a write to 4 consecutive DRAM 
words in the same row but only 64 bits of each word 
are written with the remaining bits write masked. 


Doutrie Imif JPEG blodc 
buffer. 


CFU 


R 


Single 256 bit reads. 


Double 255-bit buffer. 


LBD 


R 


Single 256 bit reads. 


Double 256-t)it tjutfer. 


SFU 


R 


Separate single 256 bit reads for previous and cur- 
rent line txft sharing the same DIU interface 


Double 256^ buffer for 
each read channel. 


W 


Single 256 bit writes. 


Double 256-bit buffer. 


TECTD) 


R 


Single 256 bit reads. 


Double 256-bit huffier. 


TE<TFS) 


R 


Single 256 bit reads. TFS is 136 bytes. This means 
there is unused data in the fifth 256 l>it read. A total 
of 5 reads is required. 


Dout>le line-buffer for 1 36 
bytes implemented In TE. 


HCU 


R 


Single 256 bit reads. 128 x 126 dither matrix 
requires 4 reads per line with double buffering. 256 x 
256 dither matrix requires 6 reads at the end of the 
iine with single buffering. 


Configumbie between dou- 
ble 128 byte Ixjffer and 
single 256 byte buffer. 


ONC 


R 


Single 256 t>it reads 


Double 2S6-bit buffer. 
Deeper buffering could be 
specified to cope with tocaJ 
clusters of dead nozzles. 


DWU 


W 


Single 256 bit writes per enabled odd/even color 
plane. 


Double 256-blt buffer per 
color plane. 


,LLU 


R 


Single 256 bit reads per enabled odd/even color 
plane. 


Double 256-bit buffer per 
odor plane. 


PCU 


R 


Single 256 bit reads. Each PCU command is 64 bits 
so each 256 bit DRAM read can contain 4 PCU oonv 
mands. Requested conrvnand is read from DRAM 
together with the next 3 contiguous 64-bit8 which are 
cached to avoid unnecessary DRAM reads. 


Single 256-bit buffer. 


Refresh 




Single refresh. 


None. 
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20.6 SoPEC DIU Bandwidth Requirements 

Table 67: SoPEC DIU Bandwidth Requirements 




CPU 



R 

w" 



SCB 



W 



7802 



0.328 



0.328 



0.5 



COU 



W 



128(SF^4).288(SF> 
6), 1:1 compresdion^ 



32/0^ (SF=n). 
0.9 (SF = 6), 
2(SF = 4) 
(1:1 compression) 



32/1 O^n^ (SF=n). 
0.09 (SF = 6). 
0.2(SF = 4) 
(10:1 oompiesston)^ 



For individual accesses: 
16cycles(SFs4).36 
cycfes (SF s 6). nrcydes 
(SF=n). 

Wili be imptemented as a 
page mode burst of 4 
accesses every 64 cycles 
(SF = 4), 144 (SFs:6). 
4*n2 <SF =n) cycfes* 



64/n^ (SF=*i), 
1^(SF = 6), 
4(SF = 4) 



32/n2 (SF=m). 
0.9 (SF = 6). 
2(SF = 4)* 



1 (SF^) 
2(SF=4) 



2 (SF=^) 
4 (SFs>4) 



CFU 



32(SF = 4).48(SF = 6)^ 



32An (SFcso), 
5.4 (SF o 6), 
8 (SF = 4) 



32/n (SF=n). 
5.4(SFe6), 
8(SF.= 4) 



5.5 (SF=6) 
8(Sf^) 



LBD 



256 (1:1 compression)^ 



1 (1:1 compression) 



0.1 (10:1 compression)^ 



SFU 



R 



128 



10 



256^ 



TE(TD) 



252 



12 



1.02 



1.02 



1.25 



TE(TFS) 



5 reads per fine 



13 



0.093 



0.093 



0.25 



HCU 



4 reads per line for 128 x 
128 dither matrix'* 



0,074 



0.074 



0.25 



DNC 



106 (5% dead-nozzles 
10-br( delta encoded)'^ 



2.4 (dump of dead 
nozzles) 



0.8 (equally spaced 
dead nozzles) 



2.5 



OWU 



W 



6 writes every 256^* 



LLU 



6 reads every 256^^ 



PCU 



256^« 



Refresh 



100'® 



2.56 



2.56 



2.75 



TOTAL 



SF c 6: 34 
SF = 4: 39,5 
excluding CPU 



SF =x 6: 27.5 
$F=i4: 31.2 
excluding CPU 



SF = 6:3S 
excluding CPU. 
SFb4:40.5 
excluding CPU 



Notes: 

1: The number of allocated umcslots is based on 64 timeslots each of 1 bit/cycle but broken down to a granularity of 
0.25 bit/cycle. 

2: 50 Mbit/s is 0.328 bits/cycle or 256 bits evciy 780 cycles. 

3: At 1 : 1 compression CDU must read a 4 color pixel (32 bits) every SF^ cycles. 
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4: At 1 0:1 'average compression CDU must read a 4 color pixel (32 bits) every 10*SF^ cycles. 
5: 4 color pixel (32 bits) is required, on average, by the CFU every SF^ (scale factor) cycles. 

The time available to write the data is a function of the size of the buffer in DRAM. 1.5 buffering means 4 color pixel 
(32 bits) must be written every SF^ / 2 (scale foctor) cycles. Thexefofe,'at a scale factor of SF, 64 bits are required 
every SF^ cycles. 

Since 64 valid bits are written per 256-bit write (Figure 104 on page 282) then the DRAM is accessed every SF^ 
cycles i.e. at SF4 an access every 16 cycles, at SF6 an access every 36 cycles. 

If a page mode burst of 4 accesses is used then each access takes (3-^1 + 1 -»-l) equals 6 cycles. This means at SF, a set 
of 4 back-to>back accesses must occur every 4*SF^ cycles. This assumes the page mode select signal is clocked at 320 
MHz. CDU timeslots therefore take 6 cycles. 

For scale factors lower than 4 double buffering will be used. 

6: The average bandwidth 1/2 the peak bandwidth in the case of 1 .5 bufifering. 

7: 4 color pixel (32 bits) read by CFU every SF cycles. At SF4, 32 bits is required every 4 cycles or 256 bits every 32 

cycles. At SF6, 32bits every 6 cycles or 256 bits eyeiy 48 cycles. 

8: At 1 :1 compression require 1 bit/cycle or 256 bits every 256 cycles, 

9: The average bandwidth required at 10:1 compression is 0.1 bits/cycle. 

10: Two separate reads of 1 bit/cycle. 

11: Write at 1 bit/cycle. 

12: Each tag can be consumed in at most 126 dot cycles and requires 128 bits. This is a maximum rate of 256 bits 
every 252 cycles. 

13: 17 X 64 bit reads per line in PEC] is 5 x 256 bit reads per line in SoPEC. Doiible-ltne buffered storage. 
14: 12S bytes read per line is 4 x 256 bit reads per line. Double-line buffered storage. 

15: 5% dead nozzles 10-bit delta encoded stored with 6-bit dead nozzle mask requires 0.8 bits/cycle read access or a 
256-bit access every 320 cycles. This assumes the dead nozzles are evenly spaced out. In practice dead nozzles are 
likely to be clumped. Peak bandwidth is estimated as 3 times average bandwidth. 
16: 6 bits/cycle requires 6 x 256 bit writes every 256 cycles. 

17: 6 bits/160 MHz SoPEC cycle average but will peak at 2 x 6 bits per 106 MHz print head cycle or 8 bits/ SoPEC 
cycle. The PHI can equalise the DRAM access rate over the line so that the peak rate equals the average rate of 8 bits/ 
cycle. 

18: Assume one 256 read per 256 cycles is sufficient i.e. maximum latency of 256 cycles per access is allowable. 
19: As an example assume refresh must occur every 3.2 ms. Refresh occurs row at a time over 5120 rows of 2 parallel 
10 Mbit instances. Each refresh takes 3 cycles. This is equivalent to a timeslot every 100 cycles. 
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20.7 DIU BUS TOPOLOGY 
20.7.1 Basic topology 



Table 68. SoPEC OiU Requesters 









CPU 


CPU 


Refresh 


CDU 


SCB 




CFU 


CDU 




LBD 


SFU 




SFU 


DWU 




TE(TD) 






TE(TFS) 






HCU 






DNC 






LLU 






PCU 







Table 68 shows the DIU requesters in SoPEC. There are 1 1 read requesters and 5 write requesters in 
SoPEC as compared with 8 read requesters and 4 write requesters in FECI. Refresh is an additional 
requester. 

In PECl , the interface between the DIU and the DIU requesters had the following main features: 

• separate control and address signals per DIU requester multiplexed in the DIU according to the aibitra- 
tion scheme, 

• separate 64-bit write data bus for each DRAM write requester multiplexed in the DIU, 

• common 64-bit read bus from the DIU with separate enables to each DIU read requester. 

liming closure for diis bussing scheme was straight-forward in PECl . This suggests that a similar scheme 
will also achieve timing closure in SoPEC SoPEC has 5 more DRAM requesters but it will be in a 0.13 
um process with more metal layers and SoPEC will run at approximately the same speed as PECl . 

Using 256-bit busses would match the data width of the embedded DRAM but such large busses may 
result in an increase in size of the DIU and the entire SoPEC chip. The SoPEC requestors would require 
double 256-bit wide buffers to match the 256-bit busses. These buffers, which must be implemented in 
flip-fiops. are less area efficient than 8-deep 64-bit wide register anays which can be used with 64-bit bus- 
ses. SoPEC will therefore use 64-bit data busses. Use of 256-bit busses would however simplify the DIU 
implementation as local buffering of 256-bit DRAM data would not be required within the DIU. 

20,7.1.1 CPU DRAM access 

The CPU is the only DIU requestor for which access latency is critical. Ail DIU write requesters transfer 
write data to the DIU using separate point-to-point busses. The CPU will use the cpu_dataout[3 1 :0] bus. 
CPU reads will not be over the shared 64-bit read bus. Instead, CPU reads will use a separate 256-bit read 
bus. 

20.7^ Making more efRcient use of DRAM bandwidth 

The embedded DRAM is 256-bits wide. The 4 cycles it takes to transfer the 256-bits over the 64-bit data 
busses of SoPEC means that effectively each access will be at least 4 cycles long. It takes only 3 cycles to 
actually do a 256-bit random DRAM access in the case of IBM DRAM. 
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20. 7.2. 1 Common read bus 



If we have a common read data bus, as in PECl, then if we are doing back to back read accesses the next 
DRAM read cannot start imtil the read data bus is free. So each DRAM read access can occur only every 4 
cycles. This is shown in Figure 67 with the actual DRAM access taking 3 cycles leaving 1 unused cycle 
per access. 



pclkl 
diu_data(63:0] ( 

rreq(n+l) 
ireq(n+2) ' 



nreq(n+3) ' 
rack(n+l) 

rack(n+2) 

rack(n+3) 



access n 



access n+l 



access n+2 



unused 
cycle 



unused 
cycle 



access 



unused 
cycle 



J — L 



Figure 67. Shared read bus with 3 cycle random ORAM read accesses 



20. 7.2,2 Interleaving CPU and non-^PU read accesses 

The CPU has a separate 256-bit read bus. All other read accesses are 2S6-bit accesses are over a shared 64- 
bit read bus. Interleaving CPU and non-CPU read accesses means the effective duration of an interleaved 
access timeslot is the DRAM access time (3 cycles) rather than 4 cycles. Interleaving is achieved by order- 
ing the DIU arbitration slot allocation appropriately. 

Figure 68 shows interleaved CPU and non-CPU read accesses. 
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Figure 68. Interleaving CPU and non-CPU read accesses 



20,7,2.3 Interteavlng read and write accesses 

Having separate write data blisses means write accesses can be interleaved with each other and with read 
accesses. So now the effective duration of an interleaved access timeslot is the DRAM access time (3 
cycles) rather than 4 cycles. Interleaving is achieved by ordering the DIU arbitration slot allocation appro- 
priately. 

Figure 69 shows interleaved read and write accesses. Figure 70 shows interleaved write accesses. 



pclk 



fij~m_pjnjn_p_mn_|aj~LJT_p 



I Read access I Write access I Read access 
j ►j^^ : ►.'^ : 



256-bit bufferek write dati ' 
for Soi'eC Unit n \ ' 



diu.data[63:0j 




256-bit buifefed write data 
for SpPEC Unit m 




Rgure 69. tnterieaving read and write accesses with 3 cycle random DRAM accesses 



Write data still takes 4 cycles to transmit over 64-bit busses so 256-bit buffers are required in the DIU to 
gather the write data from the requesters. 
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I I I 




Rgure 70. Interleaving write accesses with 3 cycle random DRAM accesses 



20.7.3 Bosnnielths y 



Table 69. SoPEC DIU Requesters Data Bus Width 











CPU 


256 ($eparate) 


CPU 


32 (OPEN ISSUE) 


cou 


64 (shared) 


SCB 


64 


CFU 


64 (shared) 


CDU 


64 


LBO 


64 (shared) 


SFU 


64 


SFU 


64 (shared) 


DWU 


64 


TECTO) 


64 (shared) 






TE(TFS) 


64 (shared) 






HCU 


64 (shared) 






DNC 


64 (shared) 






LLU 


64 (shared) 






PCU 


64 (shared) 







20.7.4 Conclusions 

Reads and writes can be interleaved with a separate 256-bit read bus for the CPU for minimum latency 
DIU access. Interleaving can be performed by inserting write accesses or CPU accesses between shared 
read bus accesses. The interieaving is achieved by ordering the DIU arbitration slot allocation appropri- 
ately. 
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20.8 



SoPEC DRAM ADDRESSING SCHEME 



The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbit of DRAM. * 

Most blocks read or write 256 bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 axe 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required 

• CPU writes can be 8, 1 6 or 32-bits. The cpu^diujwmaskfl :0J pins indicate whether to write 8, 1 6 or 32 
bits. 

All DIU accesses must be within the same 256-bit aligned DRAM word. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 207 



SoPEC : Hardware Design 



20.9 DIU Protocols 



The DIU protocols are 

• pipelined i.e the foilowing transaction is initiated while the previous transfer is in progress. 

• split transaction i.e. the transaction is split into independent address and data transfers. 



20.9.1 Read Protocol except CPU 



The SoPEC read requestors, except for the CPU, perform single 256-bit read accesses with the read data 
being transferred from the DIU in 4 consecutive cycles over a shared 64-bit read bus, diu_data[63:0]. The 
read address <unit>_diu^radrpi :5] is 256-bit aligned. 

The read protocol is: 

• <unit>^diu^rreq is asserted along with a valid <unU>_diu ^drf2J:5J. 

• The DIU acknowledges the request with diu_<unit>_rack The request should be dcasserted. The min- 
imum number of cycles between <unU>_diu_rreq being asseited and the DIU generating an 
diu_<unit>_rack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the aibitration - 
see Section 20.13<6). 

• The read data is returned on diu^data[63:0] and its validity is indicated by diu_<unit>_rvalid, 

• When four diu_<unit>_rvalid pulses have been received then if there is a further request 
<unit>_diu_rreq should be asserted again. diu_<unU>_rvalid will be always be asserted by the DIU 
for four consecrative cycles. The first diu^<unit>_r^lid pulse will occur 3 cycles after. 
diu^<unit>^ack (1 cycle to transfer the address to the DRAM, 2 cycles for the read data to be 
returned from the DRAM). 



pclk 

<unit>_diu_rreq 
diu_<Unit>_rack 



diu_data[63:0] \_ 



J 



J — L 



<unit>_diu_radr[21;5] | | 
diu_<unit>_rvalid 



Figure 71. Read protocol for a SoPEC Unit making a single 256-bit access 



20.9.2 Read Protocol for CPU 

The CPU performs single 256-bit read accesses with the read data being transferred from the DIU over a 
dedicated 256-bit read bus for DRAM data, dram^cpu^datap55:0J. The read address cpu_€uirpi:5J is 
256-bit aligned 

The CPU DIU read protocol is: 

• cpu_fiiu_rreq is asserted along with a valid cpu_adrf2I:5J. 
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The DIU acknowledges the request with diu_cpu_rack. The request should be deasserted. The mini- 
mum number of cycles between cpujdiu^rreq being asserted and the DIU generating a cpu_diu_rack 
strobe is 2 cycles (1 cycle to r^ter the request, 1 cycle to perfonn the arbitration - see Section 
20,13.6). 

The read data is returned on drcanjzpujiata[255:0] and its validity is indicated by diu_cpu_rvalid. 
When the diu_cpu^rvalid pulse has been received then if there is a further request cpujdiu^rreq should 
be asserted again. The diu_cpu_rvalid pulse will occur 3 cycles after rack (1 cycle to transfer the 
address to the DRAM, 2 cycles for the read data to be returned from the DRAM). 



pclk 

cpu_diu_nreq 
diu_cpu_rack 



J — L 



q)ujdr[2l:5] f . | 

diu_q)u_rvalid 

dram_cpu_data[255:0] |. 



ZZI 



Figure 72. Read protocol for a CPU making a single 256-bit access 



20.9.3 Write Protocol except CPU and CDU 

The SoPEC write requestors, except for the CPU and CDU. perform single 256-bit write accesses with the 
write data being transferred to the DIU in 4 consecrative cycles, over dedicated point-to-point 64-bit write 
data busses. The write address <unit>^diu^wadr[2I:5J is 256-bit aligned. 

The write protocol is: 

• <unit>_diu_wreq is asserted along with a valid <unit>_diujwadr[21:5], 

• The DIU acknowledges the request with dw_<unit>^wack. The request should be deasserted. The 
minimum number of cycles between <unU>_diujwreq being asserted and the DIU generating an 
diu^<unit>_}mck strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - 
see Section 20.13.6). 

• In the clock cycles following wack the SoPEC Unit outputs the <unit>_diu_€lataf63:0J^ asserting 
<unit>^diu^wvalid. Write data shoiild be output as soon as possible after receiving the wack. Access- 
ing registers, register arrays or SRAMs may incur different delays. The first <unit>_diu_wuaiid pulse 
can occur in Oie clock cycle after diu_<unit>__wach In the case of register array or SRAM access, the 
first <unit>_diu^wvalid pulse will occur 2 clock cycles after diu_<unit>_wack, 

• Once all the write data has been output then if there is a further request <unit>_diu_wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four 
<unit>_diu^wvalid pulses are not provided. 
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pclk 

<unit>_diu_wreq 



<umt>.diu_wadr[21:5] [_ 
diu_<unit>_wack 



<uiut>_diu_data[63:0] [] 
<unit> diu wvalid 



I 1 i 2 I 3~nr 



1 



Figure 73. Write Protocol shown for a SoPEC Unit making a single 256-bit access 



20,9.4 CPU Write Protocol 



The CPU perfonns single write which can be 8, 16 or 32-bits with the write data being transferred to the 
DIU over the cpu^dktaoutfSI.'OJ bus. The write address cpu_adrf2I:0J is byte aligned. 

The CPU write protocol is: 

• cpu_diu_wreq is asserted along with a valid cpu_adr[21:0J and a write mask cpu^diu^wmaskfJ :0J to 
indicate whether an 8, 16 or 32-bit access is required. 

• The DIU acknowledges the request with diu_cpu_wack The request should be deasserted. The mini- 
mum number of cycles between cpu^diu^wreq being asserted and the DIU generating an 
diu_cpu_wack strobe is 2 cycles (1 cycle to register the request, I cycle to perform the arbitration - see 
Section 20.13«6). 

• In the clock cycle following diu_cpu_wack the CPU outputs the cpu_dataoutf3J:0J, asserting 
cpu_diu_wvaJid. Write data should be output as soon as possible after receiving the diu_cpu_waek. 
The earliest the cpu^diu^wvalid pulse can occur is in the first clock cycle after diu^cpu^wack, 

• Once the write data has been output then if there is a further request cpu^diu_wreq should be asserted 
agairL 
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pclk 

cpu_diu_wrieq 




q)u_adr[2I:0] (j ;| |; ; S 

q)u_diu_wnia&k[l:0] j. > ' 



diu_cpujwack 



q>u_dataout[31:0] {[T 
qiu_diu_wvalid 



Figure 74. Write Protocol sliown for a CPU maldiig an 8, 16 or 32-bit access 



20.9.5 CDU Write Protocol 

The CPU performs four 64-bit writes to 4 contiguous 256-bit DRAM addresses with the first address spec- 
ified by cdu_diu_wadrpi:3]. The write address cdu_diu_wadr[21:3] is 64-bit aligned 

The write protocol is: 

• cdu_diu_wdata is asserted along with a valid cdu_diu_wadr[21 :3], 

• The DIU acknowledges the request with diu_cdu_wack The request should be deasserted. The mini- 
mum number of cycles between cdu_fiiu_wreq being asserted and the DIU generating an 
diu_cdu_wack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the aibitzation - see 
Section 20.13.6). 

• In the clock cycles following wack the CDU outputs the cdu_diu_data[63:0], together with asserted 
cdu^diu_wvalid. Write data should be output as soon as possible after receiving the wack Accessing 
registers, register arrays or SRAMs may incur different delays. The first cdu^diu^wvalid pulse can 
occur in the clock cycle after diu^cdu^wack In the case of register array or SRAM access, the first 
cdu^diujwvalid pulse will occur 2 clock cycles after diu^cdujwack 

• Once all the write data has been output then if there is a further request cdu_diu_wreq should be 
asserted agaia 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four cpu^diu^wvalid 
pulses are not provided. 
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cdu_diu_wadr[22:3] 



diu_cdu_wack 



cdu_diu^data[63:0] | . 1112 13 14 1 | 



cdu_diu_wvalid 



Figure 75. Write Protocol shown for CDU making four contiguous 64-bit accesses 
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20.10 DIU ARBITRATrON MECHANISM 

The DIU will arbitrate access to the embedded ORAM. The arbitration scheme is outlined in the next sec- 
tions. 

20.10.1 Timeslot based arbitration scheme 

Table 67 sximmarised the bandwidth requirements of the SoPEC requestors to DRAM. If we allocate the 
DIU requestors in terms of peak bandwidth then we require 36 bits/cycle (at SF =6) and 42.5 bits/cycle (at 
SF = 4) for all the requestors except the CPU. 

A timeslot scheme is defined with 64 main timeslots. The number of used main timeslots is programmable 
between 0 and 64. 

Since DRAM read requestors, except for the CPU, are connected to the DIU via a 64-bit data bus each 
256-bit DRAM access requires 4 pclk <^cles to transfer the read data over the shared read bus. The 
timeslot rotation period for 64 timeslots each of 4 pclk cycles is 256 pcik cycles or 1 .6 |i5, assuming pclk is 
160 MHz. Each timeslot represents a 256-bit access every 256 pclk cycles or I bit/cycle. This is the granu- 
larity of the majority of DIU requestors bandwidth requirements in Table 67. 

The SoPEC DIU requesters can be represented using 5 bits (Table on page 229). Using 64 timeslots 
means that to allocate each timeslot to a requester a total of 64 times 5 coxifiguration registers is required 
for the 64 main timeslots. 

Timeslot based arbitration works by having a pointer point to the current timeslot When re-arbitration. is 
signaled the arbitration pointer will advance to the next timeslot If the SoPEC Unit assigned to the current 
timeslot is not requesting then the unused timeslot arbitration mechanism outlined in Section 20.10.4 is 
used to select the arbitration wirmer. 

The timeslot pointer advances when the DIU issues the next command to the DRAM. Each timeslot therer 
fore denotes a single access. The duration of the timeslot depends on the access. 

If the SoPEC Unit pointed to by the current timeslot pointer is not requesting then the slot will be allocated 
according to the mechanism described in Section 20.10.5. 



current timeslot 
pointer 







n-l 


n 


n+I 









Figure 76. Timeslot based arbitration 

20.10.2 Separate read and write arbitration windows 

For write accesses, except the CPU, 256-bits of write data are transferred from the SoPEC DIU write 
requestors over 64-bit write busses in 4 clock cycles. This write data transfer latency means that writes 
accesses, except for CPU writes, must be arbitrated 4 cycles in advance. The [to be included figure and 
explanation] shows why this is necessary. 
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Since write arbitration must occur 4 cycles in advance, and the minimum duration of a timeslot duration is 
3 cycles, the arbitration rules must be modified to initiate write accesses in advance.accordingly. There is 
a timeslot lookahead pointer shown in Figure 77 two timcslots in advance of the current timeslot pointer. , 



current timeslot 
pointer 




timeslot lookahead 
pointer 












n 


n+1 


n+2 














1 ► 















Figure 77, Timeslot based arbitration with separate read and write pointeis 

The following examples illustrate separate read and write timeslot arbitration. 



W 



W 



W 



Programmed timeslot order 



W 



w 



w 



w 



w 



write 
latency 



Timeslot arbitration order 



Actual timeslot order 



Figure 78. Example (a), separate read and write arbitration 

In Figure 78 writes are arbitrated two timeslots m advance. Reads are arbitrated in the same cycle Writes 
can be arbitrated in the same cycle as a read. During arbitration the command address of the arbitrated 
SoPEC Unit is captured. 

Other examples are shown in Figure 79, Figure 80 and Figure 81. The actual timelsot order is always the 
same as the programmed timeslot order i.e. out of order accesses do not occur and data coherency is never 
an issue. 

Each write must always incur a latency of two timeslots. If the first write occurs in the first timeslot then 
all following timeslots will incur a latency of two timeslots. This is shown in Figure 78 and Figure 79. If 
the first write occurs in the second timeslots then all following timeslots wfll incur a latency of two 
timeslots. This is shown in Figure 80. 
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Figure 79. Example (b). separate read and write arbitration 
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Figure 80. Example (c), separate read and write arbitration 
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Timeslot arbitration order 



Actual timeslot order 



initial write 
latency 

Figure 81. Example (d), separate read and wrfte arfoitration 



Table 70 shows the 4 scenarios depending on whether the current timeslot and timeslot lookahead pointers 
point to read or write accesses. 

To be checked and updated: 

Table 70: Arbitration with separate windows for read and write accesses 









read 


write 


Initiate read transfer. 


Initiate write transfer- 


readi 


read2 


Inmate readi transfer. 


write 1 


write2 


trutiate write2 transfer. 


write 


read 


No action. 



If the current timeslot pointer points to a read access then this will be initiated inunediateiy. 

If the timeslot lookahead pointer points to a write access then this access is initiated immediately; or 
immediately after the read access associated with the current timeslot pointer is initiated. 

When a write access is initiated the DIU will capture the write address and will do the DRAM write two 
tiemslots in advance when the associated write data has been transfered to the DIU. 

To be checked and updated: At initialisation, both pointers point to the first timeslot The lookahead 
pointer advances to the second timeslot and the third timeslot in successive clock cycles tmtil it is two 
timeslots ahead of the current timeslot pointer. Then both pointers advance in tandem. At each step, the 
mies in Table 70 are obeyed. This leads to the behaviour shown in the exampes of Figure 78 to Figure 81. 

CPU write accesses arc excepted from the lookahead mechanism 

Timing diagrams for these scenarios are shown in Section 20. 13 Implementation. 
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If the selected SoPEC Unit is not requesting then there will be separate read and write selection for unused 
times! ots. This is described in Section 20.10.5. 

20.10.3 Arbitration of CPU accesses 

The CPU can be allocated timesiots like any other DIU requestor. If CPU accesses are interleaved between 
the shared read bus accesses then the DIU timesiots will take 3 cycles as shown in Section 20.7.2.2. The 
timeslot rotation will be fester than 256 pclk cycles. 

What distinguishes the CPU from other SoPEC requestors, is that the CPU requires minimum latency 
DRAM access i.e. preferably the CPU should get the next available timeslot whenever it requests. 

The minimum CPU read access latency is estimated in Table 71. This is the time between the CPU making 
a request to the DIU and receiving the read data back from the DIU. This ignores any latency associated 
with the CPU's caching mechanism. 

Table 71. Estimated CPU read access latency Ignoring caching 





mm 


register the CPU read 
request 


1 cycle 


complete the arbitra- 
tion of the request 


I cycle 


transfer the read 
address to the DRAM 


1 cycle 


DRAM read latency 


2 cycles 


register the read data 


\ cycle 


TOTAL 


6 cycles 



If the CPU, as is likely, requests DRAM access again immediately after receiving data from the DIU then 
the CPU can access every second timeslot. This assumes that interleaving is employed so that timesiots 
last 3 cycles. If the CPU access latency increases to 7 cycles then the CPU will only be able to access every 
third timeslot 

If a cache hit occurs the CPU does not require DRAM access. For its next DIU access it will have to wait 
for its next assigned DIU slot. Cache hits therefore will reduce the number of DRAM accesses but not 
speed any of those accesses. 

To avoid the CPU having to wait for its next timeslot it is desirable to have a mechanism for ensining that 
the CPU always gets the next available timeslot without incurring any latency on the non-CPU timesiots. 

This can be done by defining each timeslot as consisting of a CPU access preceding a non-CPU access. 
Each timeslot will last 6 cycles i.e. a CPU access of 3 cycles and a non-CPU access of 3 <^cles. This is 
exactly the interleaving behaviour outlined in Section 20.7.2.2. If the CPU does not require an access, the 
timeslot will take 3 or 4 and the timeslot rotation will go faster. A summary is given in Table 72. 



Table 72. Timeslot access times. 









CPU access + non-CPU access 


3 -f 3 = 6 cycles 


Interleaved access 


non-CPU access 


4 cycles 


Access and preceding access both to shared 

read bus 
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Table 72. Tlmeslot access times. 









non-CPU access 


3 cycles 


Access and preceding access not both to shared 
read bus 


CDU write access 


3+1+14-1 =6 cycles 


Page mode select signal is clocked at 320 MHz 



CDU write accesses require 6 cycles. CDU write accesses preceded by a CPU access require 9 cycles. 
CDU timeslots therefore take longer than all other DIU requestors timeslots. 

Wth a 256 cycle rotation there can be 42 accesses of 6 cycles. This is just enough timeslots for SF « 4 
operation, ignoring implementation pipeline latencies. 

For low scale factor applications, it is desirable to have more timeslots available in the same 256 cycle 
rotation. So two counters of 4-bits each are defined allowing the CPU to get a maximum of cpujtimeslots 
in total^timeslats, A timeslot counter starts at totaljtimeshts and decrements every timeslot, while another 
counter starts at cpujtimeslots and decrements every timeslot in which the CPU uses its access. When the 
CPU timeslot coimter goes to zero before total ^timeslots no further CPU accesses are allowed. When the 
totaljtimeslots counter reaches zero both cotmters are reset to their respective initial values. 

When cpujtimeslots is set to zero then no accesses will be preceded by CPU accesses. The CPU can be 
allocated timeslots like any other DIU requestor. 

If CPU accesses are interleaved between the shared read bus accesses then the DIU timeslots will take 3 
cycles as shown in Section 20.7.2.2 OAerwise the timeslots will take 4 cycles each and the rotation will 
take 256 cycles. 

The various modes of operation are summarised in Table 73 with a nominal rotation period of 256 cycles. 



Table 73. CPU timeslot allocation modes with nominal rotation period of 2S6 cycles 











CPU Pre-access 

i.e. cpujtimeslots =- total_timeslots 


6 cycles 


42 timeslots 


Each access is CPU + non-CPU. 

If CPU does not use a timeslot then rotation Is faster. 


Fractional CPU 
Pre-access 

i.e. cpujtimeslots < totaljtimeslots 


4 or 6 cycles 


42-64 timeslots 


Each CPU + non-CPU access requires a 6 cycle 
timeslot 






Individual non-CPU timeslots take 4 cycles if 
current access and preceding access are both 
to shared read bus. 








Individual non-CPU timeslots take 3 cycles if 
current access and preceding access are both 
to shared read bus. 


Interleaved 

l.e. cpUjtimeslots — 0 


4 cycles 


64 timeslots 


Timeslot rotation is faster by 1 cycle for each 
CPU, write access or interleaved read access 



20.10.4 Sub-timesiots 

Looking at the bandwidth requirements of the DIU requesters in Table 67, most DIU requesters require 
bandwidths of 1 bit/cycle or multiples thereof However, some of the requestors require much lower band- 
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width. This suggests that some sub-timeslots of lower granularity than a nominal 1 bit/cycle should be 
defined. 

There will be 2 sub-timeslots of 4 and 8 slots each. The bandwidth associated with each individual sub-slot 
is nominally 0.25 and 0.125 bits/cycle respectively, assuming each slot last 4 cycles. Sub-timeslots can be 
allocated to any number of main timeslots so that any multiple of the individual sub-timeslot bandwidth 
can be obtained. 



Table 74. Sub-tlmesfot definition 









Sub4timeslot 


4 


0,25 bits/cycle 


SubStimeslot 


8 


0.125 bits/cycle 



Each sub-slot pointer gets advanced each time it is accessed regardless if it slot is used or not 
Sub-timeslots are similar in all other ways to main timeslots i.c. 

• they can have preceding CPU accesses in a similar manner. 

• unused slots are decided by the same unused timeslot allocation mechanism (Section 20. 1 0.5). 

• a timeslot lookahead pointer is used to select writes (except for CPU writes) early to compensate for 
write data transfer latency. 
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sub4timeslot 



$ub3timeslot 



Figure 82. Example sub-timeslot allocation 

An example sub-timeslot allocation is shown in Figure 82. 

Every time main timeslots w and « are accessed, the SoPEC unit pointed to by the pointer in sub4timeslot 
will win arbitration and the sub4timeslot pointer vtall advance. Similarly, every time main timeslots n+2 
and p are accessed, the SoPEC unit pointed to by the pointer in subStimeslot will win arbitration and the 
SubStimeslot pointer will advance. 

20.10.5 Allocating unused timeslots 

Unused slots are re-allocated on a two-level round-robin basis. This is best-effort trafRc, 
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Each SoPEC requestor has two associated bits, RoundRobinLevel indicates whether it is in level 1 or level 
2 round-robin, and RoundRobinEnable indicates whether it is enabled or not in the selected round-robb. 

Table 75. Round-robin selection 











RoundRobinLevel - 0 


RoundRobinEnable 


= 0 


Not enabled 




RoundRobinEnable 


«1 


Level 1 


RoundRobinLevel = 1 


RoundRobinEnable 


= 0 


Not enabled 




RoundRobinEnable 


= 1 


Level 2 



Separate read and write round-robin trees are needed, one for read accesses and one for write accesses. 
CDU write accesses cannot be included in the round-robin allocation for write as CDU accesses take 6 
cycles. The write accesses which the CDU write could otherwise rqjlace require only 3 or 4 cycles. 
Robin-robin allocations do not have CPU pre-accesscs. 

A pointer points to the current allocated unit in each of the round-robin levels. If the unit pointed to the 
level 1 zound-robin is requesting then this unit wins the arbitration and the pointer is advanced. If the unit 
pointed to in the level 1 round-robin is not requesting then the next units in the level 1 round-robin are 
examined. When a requesting unit is found this unit wins the arbitration and the pointer advances to die 
next unit If no unit is requesting then the pointer does not advance and the second level of round-robin is 
examined in the same way as first level of the roimd-iobin. 



Table 76. Write round-robin registers bit order 







CPU(W> 


0 


SCB 


1 


SFUCW) 


2 


owu 


3 



20.1 0.6 Background refresh controller 

A background refresh controller should be implemented that wUl issue a refresh and pause the timeslot 
rotator in case data is about to be lost This scenario will only occur in the situation that insufficient 
timeslots were allocated for refresh. 
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20.1 1 Guidelines for programming the DIU 

Some guidelines for programming the DIU arbitration scheme are given in this section together with an 
example. 

20.1 1.1 Implementation pipeline latencies 

The number of allocated timeslots for each requester needs to take into account implementation pipeline 
latencies. The number of timeslots is made programmable. This means 1 or 2 timeslots can be removed to 
allow for implementation latency. Each timeslot wiU allow for 6 cycles implementation latency in CPU 
Pre-access mode and 3 cycles otherwise for each single timeslot allocation in a rotation.. If units are allo- 
cated more than I timeslot in a rotation then the g^ between slots may need to be reduced additionally to 
allow for inqjlementation latency. 

20.1 1.2 Ensuring sufficient DNC and PCU access 

PCU command reads from DRAM are exceptional events and should complete in as short a time as possi- 
ble. Similariy, we must ensure there is sufficient free bandwidth for DNC accesses e.g. when clusters of 
dead nozzles occur. In Table 67 DNC is allocated 3 times average bandwidth. PCU and DNC can also be 
allocated to the level 1 round-robin allocation for unused timeslots so that unused timeslot bandwidth is 
available to them. 

20.1 1 .3 Basing timeslot aflocatton on peak bandwldths 

Since the embedded DRAM provides sufficient bandwidth to use 1:1 compression rates for the CDU and 
LBD, it is possible to simplify the main timeslot and sub-timeslot allocation by basing the. allocation on 
peak bandwidths. The only variable in determining timeslot allocations then becomes the scale factor. 

If slot allocation is based on peak bandwidth requirements then DRAM access will be guaranteed to all 
SoPEC requesters. If we do not allocate slots for peak bandwidth requirements then we can also allow for 
the peaks deterministicaUy by adding some cycles to the print line time. 

20.1 1 .4 Adjacent timeslot limitations 

All DIU requesters have state-machines which request and transfer the read or write data before requesting 
again. The time to perform this operation is greater than the time between adjacent timeslots. Therefore 
adjacent timeslots should not be assigned to a particular DIU requester because the requester will not be 
able to make use of all these slots. 

20.11.5 Line margin 

The SFU must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
vide 1 bit/cycle to the HCU, This could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it The maximum stall can be estimated by die 
calculation: DRAM service period - X scale factor * dots used from last DRAM read for HCU line. 

Siniilarly, if the line length is not a multiple of 256-bits then e.g. the LLU could read data from DRAM 
which contains padded zeros. This could lead to a stall. This stall could then propagate if the page margins 
cannot hide it. 

A single addition of 256 cycles to the line length will suffice for all DIU requesters to mask these stalls. 
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20.1 1 ,6 Example DIU programming 

A fiall example to be worked out. 

Program MainTimeslor and SubnTimeslot configuration registers (Table 82) for peak required bandwidths 
of SoPEC Units according to the scale factor used for the documem. 

Program unused slots to use the round-robin allocation to share unused slots between all DIU requesters. 
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20.12 CPU DRAM ACCESS PERFORMANCE 

This section does not yet reflect any implementation pipeline latencies. 

The CPU*s share of the timcslots can be specified in tenns of guaranteed bandwidth and average band- 
width allocations. 

The CPU's access rate to memoiy depends on 

• the CPU read access latency i.e. the time between the CPU making a request to the DIU and receiving 
the read data back fi-om the DIU. 

• how often it can get access to DIU timeslots. 

Table 71 estimated the CPU read latency ignoring caching as 6 cycles. 

How often the CPU can get access to DIU timcslots depends on the access type. 



Table 77. CPU DRAM access performance 















kmMmmMm 


CPU Pre-access 


6 cycles 


Lower bound (guaranteed 

bandwidth) is 

160 MHz/ 6 = 26.27 MHz 


CPU can access eveiy timesiot 


Fractional CPU 
Preraccess 


6 cycles 


Lower bound (guaranteed 
bandwidth) is 
(160 MHz *N/P) 


CPU accesses precede a fraction N of timeslots 
where N = C/T. 
C — cpu^timeslots 
T = total jtimeslots 

p = (6*c+4*(T-c;;/j 


Interleaved 


4 cycles 


See Section 20.12.1 


At SF « 6. 28 timeslots available for CPU. 
At SF 4, 21 timeslots available for CPU. 



For CPU Pre-access and Fractional CPU Pre-access modes average and guranteed CPU bandwidth are 
equivalent since the CPU is limited to a certain fraction of timeslots. 

If the CPU runs out of its instruction cache then mstruction fetch performance is only limited by the on- 
chip bus protocol. With a 2 cycle bus protocol (address cycle + data <^cle) the performance would be 80 
MHz. 



20.12.1 CPU DRAM access performance with interleaved access mode 

Table 78 shows the ^ra/iree^ periodic CPU access with 4 ^rcle DRAM access and pclfc « 160 MHz, 
Table 78. Guaranteed Periodic CPU access with 4 cyde timeslots and pctk= 160 MHz 









Timeslots left for CPU 


28.25 


21.5 


Maximum wait for timeslol 


12 cycles 


12 cycles 


CPU rate 


13.3 MHz 


13.3 MHz 



Since timeslots are integral multiples of 4 cycles the maximum wait for a timesiot and hence minimum the 
CPU rate must reflect this. 
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Table 79 shows the average CPU access with 4 cycle DRAM access and pclk = 160 MHz. This will be a 
bursty access. 

Table 79, Average bursty CPU access with 4 cycle DRAM access and pclk^ 160 MH* 









Timeslots left for CPU 


34.95 


30.8 


Maximum wait for timeslot 


8 cydes 


1 2 cycles 


CPU rate 


20 MHz 


13.3 MHz 



Interleaving of CPU and write accesses with shared read bus accesses will mean some of the timcslots will 
take 3 cycles rather than 4 cycles. This will mean that CPU slots will be available more frequently and 
higher CPU perfonnance is attainable. 
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20.13 Implementation 

The DRAM Interface Unit (DIU) is partitioned into 2 logical blocks to facilitate design and verification. 

a. The DRAM Access Unit (DAU) which interfaces to the SoPEC DIU requesters. 

b. The DRAM Controller Unit (DCU) which accesses the embedded DRAM. 



SoPEC 
Units 















DRAM Access Unit (DAU) 




DRAM 




eDRAM 








Controller 












Unit 












(DCU) 






1. 











Figure 83. DIU Partition 

The basic principle in design of the DIU is to ensure that the eDRAM is accessed at its maximum rate 
while keeping the circuit latency for each access as low as possible. 

The DCU is designed to interface with single bank 20 Mbit IBM Cu-1 1 embedded DRAM perfoimmg 
random accesses every 3 cycles. Page mode write accesses, associated with the CDU, are also si^ported. 

The DAU is designed to support interleaved accesses allowing the DRAM to be accessed every 3 cycles 
where back-to*back accesses do not occur over the shared 64-bit read data bus. 



Doc: SoPEC_hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 225 




SoPEC : Hardware Design 



20.1 3.1 Definition of DCU lO 



Table 80. DCU fnterface 









Clocks and Resets 




pclk 


1 


In 


SoPEC FuncttonaJ dock 


prst_n 


1 


In 


Actlve-k)w, synchronous reset In pclk domain 


Inputs frofn DAU 


dau^dcu_cnKiavan 


1 


In 


Signal indicating a DAU command is available i.e. 
dau_cmd_adr, dau^cmd^rwn and aau^cmd_fefrBsh are valid. 


dau.dcu_cnidadif21 :5] 


17 


In 


Signal Indicating the address for the DRAM access. This Is a 
256^it aligned DRAM address. 


dau_dcu_cmdrwn 


1 


In 


Signal indk:ating the direction for the DRAM access (1 reread, 
0=write). 


dau_dcu_cmdrefresh 


1 


In 


Signal Indicating that a refresh command is to be issued. If 
asserted diau.cmcLadrand efiauLcmd^mn will be ignored. 


dau^dcu.wdata 


256 


In 


256-bit write data to DCU 


dau.dcujwmask 


256 


In 


256-bit write data mask to DCU 


dau.dcu.wvalid 


17 


In 


SignaJ indicating vaJfd write data and write mask. 


Outputs to DAU 


dcu_dau_cmdaccept 


1 


Out 


Signal Indicating that the OCU has accepted a valid command 
from the DAU. 


dcu.dau.Fefreshcomplete 


1 


Out 


Signaf indicating that the DCU has completed a refresh. 


dcu_dau_fdata 


256 


Out 


256-bit read data from DCU. 


dcu_dau_nrvand 


1 


Out 


Signal indtcatlng valid read data on dcu^rdata. 


Outputs to DRAM 


1 


inputs from DRAM 


1 1 1 
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20.1 3.2 Definition of DAU lO 



Table 81. OAU Interface 











Clocks and Resets 


pdk 


1 


In 


SoPEC Functional dock 


prst_n 


1 


In 


Active-low. synchronous reset in pdk domain 


CPU Interface 


cpu_adrC9.'2] 


8 


In 


CPU address bus. 8 bits are required to decode the 
address space for this block 


cpu_dataout[31:0] 


32 


In 


Shared write data bus from the CPU 


dlu_cpu_data(31 :0] 


32 


Out 


Configuratran. status and detnig read data txjs to the CPU 


cpu.rwn 


1 


In 


Common read/not*writ6 siQnat from the CPU 


cpu_a6ode[1:0] 


2 


In 


CPU access code signals. 

cpu^aoode[0] • Program (0) / Data (1) access 

cpu.aoodell] - User (0) / Supervisor (1) access 

The OAU win only allow supervisor mode accesses to data 

space. 


cpu.diu^set 


1 


In 


Block select from the CPU When cpu_diu^selis high both 
€pu_addr and cpujdataout are vaird 




1 


Out 


Ready signal to the CPU. When cf/iLppc/_n:^ls high it indi- 
cates the last cycle of the access. For a write cycle this means 
CfHj^dataoiAhas been registered by the bk>ck and (or a read 
cycle this means the data on diujcpujdata is valid. 


diu_cpu_berT 


1 


Out 


Bus error signal to the CPU Indteating an InvaDd access. 


OIU Read Interface to SoPEC Untta 


<unit>jdiujrreq 


1 


In 


SoPEC unit requests DRAM read. A read request must be 
accompanied by a valid read address. 


<unit>_diu_radr[21 :5] 


17 


In 


Read address to DIU 

17 bits wkie (256-bit aligned word). 


diu_<tinl^_rack 


1 


Out 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on <unit>_diu^mdr 


d)u_daia(63.*0) 


64 


Out 


Data from DIU to SoPEC Units except CPU. 
Rrst 64>bits is bits 63:0 of 256 bit word 
Second 64-blts is bits 127:64 ot 256 bit word 
Third 64-bits is bits 191 :12e of 256 bit word 
Fourth 64-btts is bits 255:192 of 256 bit word 


dmm_cpu_data[255:0) 


256 


Out 


256-bit data from ORAM to CPU. 


dlu„<untt>_rvalid 


1. 


Out 


Signal from DIU telling SoPEC Unit that vaiki read data Is on 
the diujdata bus 


DtU Write Interface to SoPEC UnRs 


<unit>_dlu_wreq 


1 


In 


SoPEC unit requests DRAM write. A write request must be 

accompanied by a valkl write address. 


<unlt>_diu_wadr(21 ;5] 


17 


In 


Write address to DIU except CPU, CDU 
17 kNts wide (2S6-bit cUigned word) 


cpu_adit21:0J 


22 


In 


CPU Write address to DIU 

22 bits wkie (d-bit aiigned word) 

Addresses cannot cross a 256<bit word DRAM boundary. 



J3 



Doc: SoPEC_hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 
Page 227 



SoPEC : Hardware Design 



Si 



Table 98. CDU registers 



0x64 



0x66 



^'pgDecTOata 



OxOOCX) 



JpgOecFValue 



Ox6C 



•IpgOecStatus 



22 



0x0000 



13 - I owc» ouiput or CS1650. indicates the first ntit 
pot l^ of the first 8x8 block Of the t^^^ 

Z^^^^i "^1^. ''^^^^^^ 'he first out- 

put byte of each 8x6 block of test data 

11 ^11 output test data port - dis^ilays OCT 



OxOO_ 



Decoding parameter bus which enaWea various 

paranjeters used by the core to be read The data 
a>«aaUe on the PValue port )9 tor information only 
and does not oontain oontol eionate for the decoder 



22.5.3 



«««fiMte8lhat the JPEG 
^Z^'^*^ oatino of jdk as the output JPEG 
halftlock double-buffers of the COU ate 

Se^'^*^C^;ih!f^ (This Signal 18 an ouf^rt ftom 

TbelnS-J^' • 

Bite19-16 - «tl.«««snte(nFOatInpiitof JPEG 
decoder core) 

CS6150 (see Table 100 for description of bits). 



Typical operation 

The CDU should ooly be started after the CFU has been started. 

for the band has finisS rS ^ ttJSS^T w^' 

indicating that the memoo- a^oStitt, tjfw ^ST^ TI^'^ be sent to the PCU and CPU 
band of comone data. '*°"»' Processing can now start on the ne^^ 

for restarting the CDU bet^I^alSidl: ^ ^ ^ Ne^andEnable. Theie are 4 mechanisms 

«nt band. A?Sr^S2.rSSat c^^^^^ ^^'^ c"^- 

already I. the CDU starts ;r:Sg'::e.:^«^b^^^^^ ^M^Ban^„^u^ 

the ne^S^Jr^taX'^nf r ^f'^r^'-*''' bit to start the CDU processing 
ad^ceandstore^^^---^^^ 
d.This IS a combination of 6 and c above The Pnif^f\.^ *u *l ^..r*, . 
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22.5.4 Read control unit 



gnunthcCDU.sn«tba„dsl««lc«.«gistersandsets^"^wi^^^ 

ing again. An iatenu^is «m to 4rSu b^^^^^ X ' ''^'^^^ "^"^ '^^'d- 

rcsctbyo^ansofaitoits^^^e^rS^troSrew^"^^^^ should then be 



3^rr ^^^J^'^f <^ Pa-ing it to the JPEG 

teceiviag.the data fiom ^^^tcl^^x^^y.T' ^ 2564,it access^ 

accesses ,0 DRAM is desi^S^iTSiot^J pTon Sg'? ^"'^^ fo"««^ 

by means of the state machine d^Sl L ^^10^ *° implemented 

^S^Tth^SSltit^'^nfe^bS^^^ 
it whether to attempt to ^a b^d of c^Si^;^ S^^^^ 

does nothing. Wh^ DoneBandtcZTi^^^^T ^ ^'«ff««'is set. the state machine 
up to 256-4 at a time wSlf ^aT^^SS^^T???^^^^ 

b^::;^"^-?^-;i^^^ 

..Icastatd^pea^DRAS^J^trfLT^SS^^^^^ 

A modulo 4 counter, nf_««i«t. is use to count each of the 64-bits received in « 7s-^K-t ^ 
mciemented whenever diu cdu rvalid is asserted^^ AT«!i; , ? ^* » 

^-c^^irf being as^ed: j^l t^" ,^"f S "T*^ "^T^ 

*nd_ofj»€mdstorv-. ~ comparea to both end_fouKe_adr and 

• If [currjource_adr.rd_count) equals end source adr thi- u j ^, • 

FIFO is 1 (to signify the end of the bandrS^B^-^/w ^r''^?^^ ^o"*™' sent to the 

is setnie remSiii 64-bit val^ShJ^ f^Sr'"*"^ 

theFIFO. i«n«>«d.i.e. they are n« 

■ ^J^r.lJtVda^to^Sn7^^^ then 
whether cu^ji<»»^wirl£Z^^f^fI-^Xt " + L «lepending on 

FIFO is 0. ^ end_of_bandstore. The end_of_band control signal sent to the 

atrr_fource_fulr is output to the DIU as cdu_diu_radr. 

A count is kept of die number of 64.bit values in the FIFO Whea diu ^vA, ^ / v . ... 

0, data is written to the FIFO by assertine Flf^Z^Zt' *"-«*'-^«/«' is I and ignore_data is 

incremented. ' ..j^^r, ^aj9o_cantentsp:0] taAfifojm-_adrC2:0] are both 

^ aiignea, i.e. the upper 3 bits are input as the read address for the FIFO 
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^nore^data « 0 
{ reset J 



Go «= Q 

lonore.c(ata « 0 



ignoie.data«o 



< 



< 



C 



<: 



idle 



> 



odu.dlu.rreq e o 
ignore^data « 0 



req 



3 



«ftj_diu_/Teq « 1 
^nore.dafa x O 



ack 



3 



cdu^dhoreq « 0 
ibnofe.data«o 



read 



> 



Odu_diu.rmq « o 



Rflu« 101. State machine to n»ad compressed contone data 



22.5.5 



Compressed contone FIFO 

sion of the same. s raiuusytesLastFetch register is also copied to an image ver- 
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• FIFO (as an addS effect 0?^^^^^^ 

tone data must be mo« than 4 x Sfii^o^ 32 b^es^ ^l^^"" ''^''^'^ of con 

22.S.6 CS6150 JPEG decoder 

the CS6150 JPEG decoder ^l^Vl^^ttll^^^^''^ MH. (Axnphion have stated tl2 
which a gated ve«ion of the system clc2 Zlc^naVT ^''^"o ogy). The core is clocked by/ctt 
JPEG decoder on a single coIo?S-^y^U^L?S^5 l"""^ " ""^"^ '"^^ 
ae «rO«tE«a& input to the JPEG d2X HoS^S^ „^?^^ data is also provid^ by 

SmTcllL^S^SSr^^^ 

quantization tables, restart inletval defcJti™^"^ bytestream contains data for die HuflBnan tables 

the JPEG bytestre^. SS^J^l T.J ^ 

fying the JPEG segments the S^^^'^^fl^' "^^^ »^ts. After identi- 

as appropriate. Any errors detected in Se^o^^^lS SSS^^k"""' to be stored or processed 

«^edand.ifanerrorlsround.thedecod^^^,^^^^ 

Lines (DNL) maxter at the end (normally a<^SrJ^1S£L?m»?*^'' * ^^"^ ^^er 

length as tfus is a modification to theo^ " o^ °»oie tfum 64k lines 

i^SmD^rbelnrSetSL'?^^^ 
pixel.i„theco.rectcolor:rir^TdL:r:j^J^ 

TT.e following subsections describe the means by which the CS61 50 internals can be made visible. 
22.5.6.1 JPEG decoder parameter bus 

mines which internal panmietersl^Sl^ on k ^P"* (*«Ascf 3J?,e) deter- 

the i>K«/«epo« does LcoutS^^n^oTirSs :LX~6 



Table 99. Paramctar bus definitions 




YMCU: number of MCUs in Y direction of (he 



cuirenlscan 
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Table 99. Parameter bus deflnitions 



S3 



0x3 



0x4 



Cs0[7:0LTq0(1 :OLV0r2:01 



Cs1[7:01.Tq1[1:OLVn2:01 
_H1I2:0J 



Cs2f7:0LTq2I1;0J_V2t2:O] 
.H2[2:p| 



CsO: WenUfier for the first scan component 
TqO: quantfeation labTe identifier for the first scan compo- 

JSu^'TLT'"''""^ ^"^"^ component 



Tqt, VI and Ht for the second scan component" 
VI, HI undefined if nS<2 



Cs3l7:0LTq3[1:QLV3{2,-01 
^H3(2:0J 



QxB 



000,HMAX[2:OLVMAX[2: 
OL MCUBU<r3.-0LNSl2:0J 



CS2, Tq2. V2 and H2 for the second scan component 
V2, H2 undefined if NSO 



Cs3. iq3.V3 and HSIbrthe second scan component" 
V3, H3 undefined if NS<4 



iit^^i 7^ "^"^"^^ ^"^^^"9 fr^n^e 
S!f ir*^'"''**^ ^ Of the cunent scan. 

US: number of scan components in cunent scan. 1^ 



2Z5.6.2 JPEG decoder status register 

the JpgDecSiatus nsister ^^Tc^i^^. , *^ ^^^^ by reading 

Wgh to indicate an errorcondidon^SL^Skroa*^^^ 

is required from the useS; of S^tht e^^'' ~ ~ intervention 

ceUation. the coie will *«.«h' T,. r^rrj: " ""."T"' " ^'^^ then, following the error can- 
more crronj. '^^^ Start Of Image (SOI) without triggering any 



''^^^^ ^^^^ ^g^^fe*^ definitions 




Set when an undefi ned Huffman table symt>ol is referenced during d^ inn 
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Table 100. JPEG decoder Status register definitions 



CUEnor 



OecError 



CDcttnProg 



OeclnProg 



JpglnProg 



set when a„ sof pa«meier or Inv^i^lSi^IiteXX™ 



Set when arvthing other than a JPEG marker is fnput 

Set when any of DecFlags[6:4] are set 

Set when any data other than the SO. marker is detected at the start of a stwam 

SetwhenanySOFmari«risdetectedo«herthanSOF0 Settflncoml..«r« 
wan or quanazation detinilwn is detected. ^ lr»coitiplete Huff- 



:s;^'^^sTd^ta^^'^-^''«^''<-<^^ 



S^'SL"^^^*'*****"*'*'^ ^"a'*^^ (Start Of Scan Segmen,,- 
*^is^^™Z^„^^ the eoTB and is de-asserted when the decoJngof a 
scan IS comple te. It Indfeates that the core is in the deoodino state ^^"a"'* 



22.5.7 Half-block buffer intarfece 



5'lS^),^?l^te,I^??:^^ '-"^'"^ <««s«rted When decod- 
■na has been completed i.e. when the last pixel of last bhxifcof the unage is oltoui. 



to stall tbc JPEG decoder cote JS^m^f^fS^ruri't ''i^'''- ™' us to be able 

pixel). We p«vide a meclSS S L J?/<fj2,H ^r*^* • P'"'' 
JP8.eon>^tatt is I. Tlie S^ck buStattrfJTe^^^^Kf'^ ''^ ^ to the core when 
half JPEG blocks to "^^f forprovidiag a set of double buffered 

DIL^M(writeco^t«,IumTDLci^t^^^^^^ ^ JPEG blocks to 

onfyasinglecolorpWDataexitsSe^e^T^JS. '^^"'^ 

Hie half.block buffer interfice therefore consists of 2 single JPFO h^ir u u «^ 

combinatorial logic, as shown in Figure 102. half-block buffets and some simple 



P«_out, valid - 



jclk.enabte ^ 



Iwlf-faJocIc buHw fnttrf aco 
» 



-o<J— I 



half-block buffer 
select unit 



contone 
plane 
buffer 



64 



J2-«dv^tf_bteck 
— rd.adv 



halLWock.oH_to.fead 



cdM.tfu ^data{63:0j 



Figure 102. Block diagram of half-block buffer Interface 
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22.5.7.1 Half-block buffer select unit 

aus case, each buffer is a half JPEG block. i.e. 32 bytes Stored as 4 x 64-bite * * wntten to. In 

A^ir_«v«///H,r_A«2Sj7.Whenir^ value- y>^_«««^,«// ^31, 

Ae p«,duction of pixels. « «ff«o « 

output from the CDU. When /c/* ^ ^1 , "'"^V^^^ 

<yc/*..;u,ftfe is the inven=e^;;^f;i.ti5. ^'^^ When yc/*_e««6fe is 0. m is 0 

Sc^^/^-^^fituSr^ml^Sr^f^^^^ " "^-A-iT- inverted 

ptcel_cauni[4:0J is 31. buff_a.aa[^^ ^^TL^^^A'^^'VV'^'^ When 
P«_o«cv«/irfANDedwith&einv4eofS^^ The output Hr_e« equals 

ANDed with nCadw. "UPg-COiejlaU. The output equals hatr_block_ok_to_rf!ad 

22.5.7.2 Contone plane buffer 

Each contone plane buffer consists of two half JPKn kwirv- «• ^ 

ure 103. ^ aairjPEG block buffers as shown in block diagram form in Fig- 



yw_buff_ 



_id_ea_ 



8 



!=0- 



JPEG 
hatf-bfodc buffer 0 



P?xia< data ^ 



JPEG 
hatf-btock buffer 1 




otfu_dkj_data(63X>J 



contone prane buffer i 



Figure 103, Contone plane buffer fnterface 
lecW « tto fim shM SSr to S* J^^^S'^ « 4 enny x 64-bit Du. U col- 
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22.5.8 



ii^^'^t^ni-s^r dram ^ 



ORAM 




255 


191 


127 


63 O 


c; 


«-4 i C^L4 1 


C 


U 1 C^L4 


c 




C 


L5 I c|l5 


c 




C 


L6 I Ckfi 


ca 


L7 1 C2L7 1 




L7 • C0L7 



wordq*3 
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words In one ORAM raw; ior a sinale 
COU access to DRAM ^ 

OC-ColorX 

• Line Y or 8 liyias 01 a Bne in a JPEG block 

Flgura 104. DRAM borage aminaoment for a s.ngle line of JPEG 8x8 block, in 4 eoIo« 

blocc 0. color 0. line 0 in wor<l p bic 63-0. Une X *n wort p*X bits 63 0 

line 2 .a word bit. 63-0. line 3 i„ worl p^a bfts 63-0 
WocK 0. colo. 0. Une 4 in word , bit. 63-0. line S in wort bit. 63-0 

l.ne 6 xn wort ,.2 bits 63-0. line 7 in wort .,0 bit, 63%, 
bloc. 0. color 1. line 0 in wort p bit. 127-64. line 1 in wort p.l bit. 127-64 

line 2 in wort p*2 bit. 127-64, line 3 in wor^ p*3 bfts X2,.S4. 
bloc. 0. color X. li^ . , ^^^^ ^ 

line 6 xn wort ,*2 bit. 127-64. line 7 i„ wor^ ,.3 bits 127-64. 
repeat for block 0 color 2, block o color 3 

etc 

block color 3. lino 4 in word Q*4n bits 255^192 lino s • 

line 6 in word <,.4n.2 bits 25sAW Tin/v ^I"'"' "^'^^^ 
7 word q+4n4.3 bit 255-192 



in 
as 
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the individual bit write inpZ of ±e D^^v^,T^^T T "^""^ ^ masiLd us^ 

only 64 bits out of the 256-bit access toDBJ^^^^T'^''''^ ^O"" ^^e CDU 

by the DIU. TTiis means that the decompre^co^o^?. "^""^ '''^ are masked 

wntemasI«.laccessesto4consecutiv72SDS,Si^^^^ 

C^u"^L"t^'".r^,:r^^^ 10S.^e 

cycl«. All counters and flags should be cI^S ^^if^C^^^^ ^^"^^ ^* ^ 4 x 64 bits over 4 

and flags should take their initial value. While fhl^ u^. '^^^'^^ons from 0 to 1 all counters 

^(Cfilock_ok_to_r^ad and line stnr^ " ^ ^ machine relies nn fi,« 

block to DRAM. Once t^e S^SStSil^lS^ '^l »° '^^^ 

"^"'^ -cess to DRAM ^^^^T^^:^: '^^ state^^ 

ing to the first 64-bit value ^^y^^^tt^J^^iu ^^t^.^r'^ ^t"^ ~"«Pond- 

acccss of 4x64 bits is issued by the CDU T^! Dm^^ ^ ^ ^ ^ «4,it value in each 

fourth 644,it values). The state mactoe^X j^^^iTjrilJ:^ »~o»<l. 

»g a read of 4 64-bit values fix,m the half-bloTl^eJS^ a«*nowlcdge from the DIU before imtiat- 

PW cdu^iu_wya!id is asserted in the SSe aS S^IT^ '^'^^ <^cles. Hie out- 

jfJ'^iP ""^'^ "<Mres« «.tput to dram 

// corresponds to lincnumber, onlv 



if (half „ 1) then 

^^^cdu_diu.«a«Ir|21:7J . upr_»«.XfblocI^adr 

" ~ ' ""^ w«-«rtjr OJ.OCK 

// for lines 0-3 of jpeg block 



// for lineo 4-7 of jpfiG block 



« w-^ olffi 

if^^.tr^.^l^iTo^rrir^Her-^-- «r.ee -.ce,. 

If (half 1) then 
half » 0 

if (color niaxu?lane) then 
color e 0 

if (block max blo^ iri t-h^*. 

pulse wradvSlIne °^ ""^^^^a - "ne of jpeg blocks 

block a 0 

"."^li^^fb^^T^^^^ * 

elae^^^ " """-^tlrtirdr »«'«-en<J_«dr J then 
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else 

block +-♦- 



upr_halfblocI^adr = upr_haXfblocK.«d^ * ™Lx_block ♦ 2 



up.,^X.«oo^a<^ „ ^ ^^^^^ ^^^^ ^^^^ 

color •t'-t- 

else 

half 1 

if (color == maxjplane) then 

if (bloc. =. „^_block, than // end of writing . 

If (lwr_halfbloc,^-dr ^fffJldJ^rth^ * 

lwr_l«an,loclt.adr - buff atart -dr e«f-en<i_adr) than 

else 



te 
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cdu^dru.wreq >= 0 
rtf^adv.hafLbtockttO 

I reset ) 



cdu - 



iSri^-"' — K; idle) 



Qq»" 1 

Od4J_<lUj_wrBq o 0 
odu.diu^wvaiid e o 

rtf,acfv.halfjblock« 



req 



c 



> 



odu.dltovreq « I 
»iUidv.haHLWock«o 



ack 



c 



cdu_diu_wreq • 0 
odu_diu_vwaBd - 0 

rdLadv_hafLbtock-0 



read 



c 



3 



cdu_dlu.%vr8q«0 
o^^diu.wvaDd « t 

rd__adv_hatf_block » 



vaitel 



c 



CG(u_diu_wreq o 0 
cdu_dIu.wvBfid« 1 
rd_adV « 1 

rcJ,adv_halL.block-0 



write2 



c 



3 



cdu_dlu_wreq «= 0 
cdu.df u^wvaud s i 
rd.adv « i 
»d.advjhafLbIock« 



writes 



3 



cd"_dlu_wreq «= 0 
cdu.dJujMwaiid « i 
fd_adv«o 
nl.adv_haflLb(ock» 



write4 



> 



cdu_diu_weq = 0 
odu_dtu_wvaiid » o 
id^adv « 0 

K<-ady_ha!f.bfock » o 



Figure 105. State machine to write decompressed 



contone data 
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22.5.9 Contone fine store Interface 

•me contone line ^^S^ p^^SZltl^'^T""' '^'' "iT" iin^at-a-tizne. 

write to. nius the size of the Une sto^n^MTr.^^ ^ ".""^ ^"^"^"^ ^ ^DU to 

. Une sto« interface is 8 lini p^S« a sS^^^bSt^ * ""l^'" f ^ 

sch«ne wWle 16 lines prov?d<S"d^L"Sl-^^^^^^ "^'"^ s«es .« ,2 lines for a 1.5 boffer 

set to the value of «um T?.e cm/^,^ ^ tnmsmons from 0 to 1. ««m_/ii,«_«va// is- 

available for 8 linSTfred wh^Uxe^^^^ »^ 
Writing 8 lines, the ^Jrite cS^l^T^d^^aJCSJ^^^^ ^ «™^e<l 

CFU. and numjines avaU is decreme^d^lX « • 

fi«.^_<,iL/oj;^etobeLia^^S?isXoL^^ T"""' "l* 

priately.and sends its own nib^/S«itoAecS3?Snl^ 
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23 Contone FIFO Unit (CFU) 

23.1 Overview 



color invenion in imT^ color^I^J^^^^^ convc^ion from YCiCb to RGB followed by option^ 

printer resolution. Non-integer scalineTZ^rti^ k f ^ ""'P'* '° matches the 

23.2 Bandwidth requirements 

di««ion is performed at the outp JoJ^S CFU o^aXSySS'^^ '^^ " ^ 

bon IS performed by the CFU reading each line » „»^ w !f f ^ repUcation in the Y diiec- 
DRAM. The HCU generates I StOA-^elin^ rJ^^ "^T'^' f^'<^ ^ the Y-scale factor, from 
1 side per 2 seconds for^bleS AM^l or^^^^^^^^^ clcKk cycle to achieve a pdnt speed of 

color contone pixel (32 bits) SFc^?^l ^J" needs to be suppUed vdth a 4 

fiom DRAM i S33 Wt^qTclel "^'^ ^^"^ 

must read data 

23.3 Color space conversion 



S^lem^Tio^^^^^^ the^l hardware 

are normalaed to occupy all 256 levels of an 8-bit h^^^^ ^^'"'^ ^'^^ ^' ^ 

The CFU provides the translation to either RGB or CMY RGR.c;„<.i,.<4-^ 



I. 32 bits / 6 cycles = 5.33 bits/cycle 
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lcoiorplane.no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 colorplancsYCrCb, conversion to RGB 

• '♦color planes, no color space conversion 



no 



23.4 Color siwce inversion 



'^^C^lSS^i!^ conveision is given by the relaHonship: 



C = 255-R 

• M-255-G 

• Y-255-B 

Tl^e^^^ons^^. re^re the page RIP to calculate the RGB from CMY as follows: 



G 



= 255.M 
255- Y 



23.5 Scaling 



scnted by a numerator and a «len(^S^r ^r^P/**" ^* ^ctor ^epre- 

should be greater than or ^T^^o^^^t7"^^^ If ^^^^ '^'^^'-^ 
thenumenuorisprogn^rcdasSandtheTTn^Sr^^^^^ 



numerator 



if (count ^ denominator - numerator o) then 

count - count ♦ denominator 

advance s i 
else 

count = count ♦ denominator 
advance s o 
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23.6 LEAD-IM AND LEAD-OUT CUPPING 

block n below) wUl be the last JPEG b^SZ fh^i^- f c *«J~'««'«y of 2 SoPECs (JPEG 
line printed by SoPEC #2 Sin tiS^Ss^lS'^^S^^ !f the first JPEG block in the 

ately setting L WcCrtS^im iSk « by app,opri- 

at the begiiiing of eacMtof T^rniSf™^ tlus JPEG block not destined for SoPEC « must be ijiored 

is specified by the 

It may also be the case that the CDU writes mit n>ni- ui i ^i. . 
as shown for SoPEC #2 belSJ.2SsTeSS?X 

spond to JPEG block m but the value fo^fSt^I tlt^^ ^* »*» 

block nu^ JPEG block « ^^^tiXc^"'^ m the CPU set to coxrcspond to JPEG 



sopec #1 

(ead-fnaxea 



SoPEC #2 SoPEC #1 
lead-in area ^ toad^ aroa 



SoPeCi2 
lead-out I 




SoPEC #1 prints left 
side of page 



SoPEC #2 prints right 
side of page 



Rguro 106. Lead.In and lead-out clipping of contone data In muItl-SoPEC environment 
S'tSe^^^ - -^-<i to the printer's ^solution. 71.e 

tn,ls the scaHng of the last valid pi*; S^^^^^ 
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23.7 Implementation 

Figure 107 shows a block diagram of the CFU. 



[ 



ORAM fnterface Unrt 




c^CGOftipressed 
oontone buffer 



2^ w jxift fd_btiff 



wr^en, rd_en 



^ Sxwr^in.-01.fd_iie|(fc01 



Y-scaJing 
oontnol unit 



Cb 



color space converter , . 
cp3 cp2 cp1 cpQ U ''^'^to^- Ptene 



'8 




YCrCh2RGB 



A A i : 



13^ 



15/ 



15 



configuration 
registers 



output 
€iouble<buflisr 



^^8 



\ wr_buff. rd.btiff 



WT.en. rdjen 



16/ 
E 

5 



^ ^ T. 



^ lines ok 


► 

to read 


1 ^ -1 

contone 
flne store 
interface 





X-ecaHng 
control unit 



Contone 
RFO Unit 



1 



Halfloae/Compositor Unit 



PEP ControUtf Unit 



Rgure 107. Bfock diagram of CFU 
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23.7 A Definitions of I/O 

Table 101, CFU port list and description 



Clocks and reset 



pdk 



PCU Interface 



pcu_cfu_sel 



pcu,dataout[31:01 



cftiJ>cu,data[3 t:0J 
DIU Interfeee 



dujcSujrreq 



dHccftjjack 



cfu,diu^radft21 :51 
dlu_cfu_rvaRd 



diu,data[63,0] 



CDU inteifaee 



cdu.cfti_wradv8Qne 



HCU interface 



hcu_cfu_advck)t 



cfu_hcu_avail 



cfu_hcu_o0data[7.-0) 



System dock 



32 



In 



In 



Out 



Out 



BkK* select from the PCU. When pcu^cfu_selis high t)oth 
pqi^adrand pcujdataout are vaOd. 



PCU address bus. Only S trits are required to decode the 
address space fDr this block. 



Shared %vflte data tNis from the PCU . 



Ready signal to me PCU. When cfu_pcu^nSy Is hrgh it Indicates 
I^^J^^^^ « ^« «ycte tWs means 

paccfateoi/f has been registered by the btock and for a read 
cycle this means the dataoncfu _pcu_,data is valid 
Read data bus to the PCU. 



17 



Out 



In 



Out 



CPU read request. aclh« high. A read request must be acoom-" 
paniedtyyavaRdread address, ««»m 



Acknowledge from OIU. acth« hfgh. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus. cfujcSiu_radr. 



Read data vafid, active high. Indteates that valkl read data is 
now on the rea d data t)U8. dAcdbCa. 
Read data from ORAi^. 



In 



Out 



Write Sfine putse. active high, indteates that the COU has fin- 
ished wrtting lo 8 Ones of decompressed oontone data to the dr- 
Oiter txiffer in DRAM and the data is available to be read by the 



7^^!^ PU^se active high. Indicates that the CPU has finished 
reading a line of decompressed oontone data to the circular 
buffer m DRAM and that Bne of the txiffer is now frea 



in 



Out 



Out 



Informs the CPU that the HCU has captured the pixel data on 
pixel on ttie data lines. 
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23.7.2 Configuration registers 

TT^ configuration registers in the CFU are prognmuned via the PCU interface. Refer to section 21 8 2 on 
4t?tW ' '^'T^'^ ""'"^^ ""^^ <"-erams for reading J^fSn? Steiln the 

Table 102. CFU f^gfsters 



Control registers 



1 0x00 
1 0x04 


Reset 
" "qo 


1 
1 


0x1 
0x0 


1 A write to thfe feplster causes a reset of the CFU. 

j . Writing 1 to this rej^ster starts the CFU. Writina 0 to this 
register halts the CFU. 

When Go is deasserted the state^achJnes go to ftelr 
idle states but all counters and configuration registers 
keep their vadues. 

When Go fs asserted a« counters are reset, but configu- 
ration registers keep their values (I.e. they dont get 
reset). 

The CFU nriust be started before the CDU Is started 
This register can be read to determine If the CFU is nin- 
ning 

(1 - nmning. 0 - stopped). 


Setup registere 








1 0x10 


MaxBlock 


13 


0x000 


Number of JPEG MCUs (or JPEG block equivalents, le 
8x8 bytes) in a Fine -1. 


1 0x14 


BuffStartAdr 


15 


0x0000 


Points to the start of the decompressed contone circular 
bufisr in DRAM, aUgned to a half JPEG Wock boundary. 
A haff JPEG block consists of 4 «vords of 256-bits. 
enough to hold 32 oontone pboels In 4 ook>fs. I.e. half a 
JPEG block. 


1 0x18 


BuifEndAcIr 


15 


0x0000 


Points to the end of the decompressed contone circular 
buffer in ORAM, angned to a haif JPEG btock boundary 
(address is Inclusive). 

A half JPEG Week consists of 4 %vords of 256-bits. 
enough to hold 32 oontone pbcels in 4 colors. I.e. half a 
JPEG btock. 


OxIC 


4Une0^t 


13 


0x0000 


Defines the offset between the start of one 4 One store to 
the start of the next 4 tine store. In Rguro 108 on 
page 294. if eu/S<a/t4dr corresponds to line 0 trfock 0 
then BuffStartAdr + 40rTeO/9^ef corresponds to line 4 
block 0. 

This register is required in addition to MaxBSockas the 
number of JPEG bfocks in a line required by the CFU 
may be different from the number of JPEG blocks in a 
line written by the CDU. 


0x20 


YCfCb2RGB 


1 


0x0 


Set this bit to enable conversion from YCrCb to RGB. 
Should not be changed between bands. 
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Table 102. CFU registers 




0x24 



0x28 



0x2C 



0x30 



0x34 



InvertColorPlane 



HcuUneLength 



LeadlnCfipNum 



LeadOutCnpNum 



16 



XstartCount 



0x38 



0x3C 



0x44 



XscaleNum 



XscaleDenom 



YscaleNum 



YscateOenom 



0x0 



0x0000 



0x0 



0x0 



0x00 



0x01 



0x01 



0x01 



0x01 



these bits to perform bit-wfee Invmion onao^ 
plane basis. ■ 
bitO - 1 invert oo<or pfane 0 

- 0 do not convert 
bitl - 1 invert coior plane 1 

- 0 do not convert 
bits - 1 invert color plane 2 

- 0 do not convert 
bits - 1 invert cotor plane 3 
Should not be changed between bands. 



Number of oontone pixels < 1 in a line (after ecaling). 
Equals the number of ta/_cft<.dM^ pulses - 1 
received from the HCU for each iine of contone data. 



Number of contone pixels to be Ignored at the start of a 
line (from JPEG block 0 in a line). They are not passed to 
the output buffer to be scaled in the X direction. 



Number of contone pbcets to be Ignored at the end of a 
fine (from JPEG block MaxBkKk in a One), They are not 
passed to the output buffer to be scaled In the X direc- 
tron. 



Value to be foaded at the start of every line Into the coun- 
ter used for scaling in the X dlrectfon. Used to control the 
scaRng of the first pixel in a line to be sent to the HCXI. 
Ihis value vwll typically be zw, except in the case where 
a number of dots are dipped on the lead In to a line. 



Numerator of contone scale factor in X direction. 



Denominator of contone scale factor In X direction. 



Numefator of contone scale factor In Y direction. 



Denominator of contone scale factor in Y directfon. 



23.7.3 



Storage of decompressed contone data in DRAM 

The CFU reads dccompressed contone data from DRAM in single 256-bit accesses JPEO KtnrW 
Jcomp^ssed contone data are stor^ in DRAM with the memory ^Lgeme^t ^sh^ "JJe Sr^ee^^^^ 
S each S^bS'l^^ S ^ ^ - ^ ^ comp^ir^s^o^^^^^ 

25tbtt DI^ ^ ^ ^™ - ^ from a single line in each 
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4Jlne 
Store 



ORAM vvoridp 
ORAMwofdp+4 



DRAM 



JPEGbtockO 
lines 0 to 3 



JPEG Mock 1 
lines 0 to 3 



ORAM%wardp^ 
— DRAM word q 
DRAM wort <^Ht 



4 fine 

StOfQ 



1 



ORAM word q44n 



JPEGWockn 
biftsOtoa 



JPEGbtockO 
anes4to7 



JPEG block 1 
linas4to7 



L 



JPEGbtockn 
fine$4tD7 



^ 191 127 63 



C3^0 1 


C2L0 1 


C1L0 1 


COLO I 


C3^1 1 


C2L1 1 


CiLl 1 CftJ 1 


C3^ 1 


♦ 

C2L2 1 


C1L2 1 


C0L2 1 




C2L3 1 


-ClLa.L 


JCDU 1 



' C0 L1 I wofdp*i 



255 



191 



_127 



63 



C3^ t CSLAt Cli^ , 



C3^ I C2LS j C1LS t mi 



C3 ^e I C2L 6 I C1LB I cntft 
C^7 i C2L7 I C1L7 f 



wordq 

wordQ+2 
wordq^3 



< "»V"«so«o256bitfeadof avwdfciDRAM 

CX-CofofX 

Vf - Une Y Of 8 bytes of a line in a JPEG btock 



Figure 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 

sequence, as shown in Figure 108, is 



^foSws a time in 4 colors from DRAM The read 



line 0, block 0 in word p of DRAM 
line 0, block l in word p+4 of DRAM 

line 0. block n in tford p+4n of ORAM 

(repeat to read line a number of times according 

line 1, block 0 in word p*l of WiAM 
line 1, block 1 in %#ord p+5 of JMIAM 
etc 



to scale factor) 



23.7,4 



Decompressed contone buffer 

^i^S^m "^i^rr " t* "••'^ « * « storage of 2 x 256 bits 
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23.7.5 



i3 



Y-scaling control unit 

DRAM in single 256-bit accesses SSe ^^L^n ''^ " «ad from 

The p„,tocol and timing foS * DtSJ^f^LS^/"' ' P« 

Wh«, Une8_ok_,o^nuui is 0 the stale nSe ^"^T*? ''^^^^ 

that writes are to occur to. «e to occur from, and a single bit (w_faj^ for the cuirent buffer 

of data ftom DRAM to the buffer selected by"SS?aSSr!^^ " *° 

n/ e„ and gets incremented To ^inl to Sc S Jl.^^ ,s read fiom the buflFer by asserting 
^ the data to the output doubleiES Se Su ^^y, h " ^^^'''^ 

Mil -<»«'--is asserted. the buffer, m^el equals 

£^"«s;tLT^.r^e^ri^ 

direction is thus pcrfoimed. Scaling to the printhead resolution in the Y 

// »f3i9n r«ad address output to ORAM 
<:du_diu_w«drI21:7) = curr halfblock 

in^_.d;:,;L'f "rr/-'"^^---' -ddre«3os .^ter e-ch di«m .e«d access 

pulse RdAdvline _ ™n ♦ y_scale_<Jenoin - y_scale_nuin 

ir (line =. 3) then . // ^ xeadino 4 ii„« ... 

aoxng « une store of contone data 
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line 



curr_h«lfblocJc = buff_st«rt_«dr 
line start «d,- *^^^-«t«rt.adr ♦ 41ine_offset 



else 
line 

elee "^"-^^ ^^^^^'^ = linens tart^adr 

// re-read current line from DRAM 

cH^ri^Iaioc/ ^7^-^--— t - y.scale.denom 
curr_iialfblocJc = linens tart adr 
else " 

block 

currjialfblock 
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Go Baft 
Cfu_diu_rrAq « o 

wr^sel uO 
wr^advLbuffeO 



flesfttnppfy^^ ff — tr 
Cfu_diu„fr©q ta 0 
wr_8e» B 0 

^ reset 1 



< 



idle 



c 



3 



gCLsJL 
cnJLdftilnraqeO 



req 



c 



> 



ack 



c 



3 



cfu.dhi.rreq«iO 
wr_8et«0 



leadl 



c 



3 



cfu_dtu_rreq « O 
wr_Mr « 0 
wr^actv^buffeO 



read2 



cfu^dhoreq a o 
wr_8el«= 1 



reads 



cfu^dla^rreq 
wr_adv buff 



= 0 



read4 ^ 



Rgura 109, State machine to read decompressed 



i.diu.fraq « o 
wr.sel n 3 



contone data from ORAM 
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23.7.6 Contone line store interface 

The contone Iincsto« interface provi^^L mi Jn^.^^^ ^FU reads them line-at-a-time 

beT^^^^rcp'S a""^ °' '^P^Z'^'T" " are available to 

DRAM when the C^V l^^^^^^ffT " f '° '^'^ ^ to ^£,2 
1^. it sends an t^^'^^'Z^I^;^^ 

CPU may continue reading from DRX^5 a^ lcS«^ S^h^f ^T^-^^ incremented by 8. 

set wUle buffjines_avaal greater A^O\S.^ ^f^T^f^^^ 'i^»-ok.to_read is 

from DRAM, the Y-scaling ^^.^s^;,!^^^^"^'*^^ f ^^''^ ^ °^«">«one data 
CDU to fh« up the line ink bXTl^; fJJt^r ^ 

23.7.7 Color Space Converter (CSC) 

RGB. If YCrCb2RGBS^ab O^cSeS^ir/^ 'P^*'' conversion^ from YCrS^o 
second stage. Th^ 4th S^nLe irn^t *. P***' ^« P««k are passed to the 

latency of le convert ^^^koi^SsI^:^'^ X?^^ »° "lock. £ote^ Z 
plane as U bypasses the block. ^ ^ "^^^^^ equalized for tbe 4th color 
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Figure 1 10 shows a block diagram of the color 

I color sipace *" 
I converter/inverter 



space converter. 




->cpO 



^ GP2 



>cp3 



YCjCb2RGB 



'nvefLcolOf_plane 



23.7.8 



Figure 110. Block diagram of color space converter 

version is implemented as follows ^^'^ " maintained with 18 bits. The con- 

• R*-=V + (359/256XCr-128) 

• G'-Y.(183/256XCr-I28).(88/256XCb.l28) 

• B*»Y + (454/256XCb-128) 

X-scafing control unit 

the mechanism for keejing^k of Sfc^^t^-^r '^uV^ ''^'"^ '""'"^o". Provides 

lead from until it has bL vSJen to '^'^ «^ « buffer linnot be 



1. * 179 is saturated to 0 

2. 135.5, with rounding becomes 136. 
'227 is saturated to 0 
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=^.r*.^a:S- ~» . ^ 

if (wradv 1) then 

if (Pixel^count {max.block^blll} ) then 
else 

Pixel_count 
if ( (pixel_count < leadin^clip_nuin) 

OR (pixel_counc > (inax block fciin\ n ^ 
wr_en = o * i™c^oiocJc,blll> - leadout_clip^num) ) ) then 

else 

wr_en «= i 

TheouiputcA.Ac«_«v«/equaJste#aw///>rfA.,i97 wiZ * . -'"'^^ " set. and Hr_6«jf „ mverted. 
HCy that data is available^ be v^'S^^^fc^' ^c^i^'Ti h ^ ,0 the 

2^<s:ijsi^r.rHS^j^^ ^^^^ 

algorithm for non.integer scaling is desSTrt^t.tS^ isiniplemeated by pixel replication. The 
loaded with xj^tart_Suni ^ft^r^^i^^f^'^^i?^'^- '-^-^'^--ou^u should 
fe« pixel is scaled by. f'cuJineJenJZd ^^XdLZ)^!^ ^^'^ 
line that is sent to the HCU is scaled by. °'^-'5^-'*'"?*'"'»trol the amountby which the last pixel ina 

i£ <hcu_ef\ji_<SotatJv =» ij then 

^_scale_count = x 8cal*^o.™rL ^-^t^fle-^u"" >» 0) then 
else 

else 

^^scale^count » x_scale_count 
r4_en = 0 

When a «/_e;. pu.^ ^ ^eeived, t^.a.a,If„i_i^ is cleared, and n,_*«^i. .^tcd. 

n«eived.thenanCe„ pulse is genxateJtot^entTie^^^^ * ^^^-c^-^/orf. pulse is 

«set to 0 andx^a/e_co«« is loaded ^A ,!^^^^;^^ " *'"'P« ^FU. A,r_«A,_«,..„,is 
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24 Lossless Bi-level Decoder (LBD) 



24,1 Overview 



pass-through mode is provided for I:l1^ZSS Ten I' t f "T^^ ^^'^ ^ ^^''bK'- A 

50:1. Lossless bi-level compression " r «>°P'^«»«s with a ratio of about 

which compress pooriy. ^ "° P^** ^th 10:1 possible for pag-S 

^uTSr s*^XT HF^fS^ in.? J^'-S; ^ ^^-^-^^^ ^'-'-l data is 

unit) for the next st^ge in the p^^^^ZX^^^J^ *°,?f (Halftoner/Compositor 
is used by the PCU and is avaSablT^ ^If fntL^oTcm^"^ " /Wj&.tr/i«iW control flag that 



ORAM 
JnteffaceUnit 



ftxUinfshedband 



1 PCU 


4 


LBD 







SpotRFO 
Unit 



HCU 



24.2 



Figure 111. High level block diagram of LBO in context 

Main features of LBD 

Figure 1 12 shows a schematic outline of the LBD and SFU 

the LBD in SoPEC can run muSeTt^ U^Xi^f^ f ° SoPEC. TTierefore 

processing latency, to be absor^«L This .s use&l for allowing stalls. e.g. due to band 

S:dTa'^edK?S;^: -"P--- through mode is acti- 

8-nmed number of bits. ""^^^ °' ^ ^^■^">- 

length code. foUowed by pass through. run-length code is always executed as a run- 

^Po. P.ro u^, (sfu). ™, 

Imcs up to a programmable number of lines The sn/'TTir '° "o^^ly 3 

I rrf ta«4 ^^.s _ ' ~ ^ 
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Kbytes of storage. l -7Kbytes of storage. An A3 line of 19488 dots requires 2.4 

The compressed spot data CM be read at a rate of Ibit/cvcle for n,«ti. u . 



LBD 



f 



FIFO 



SFU 




I 



OECOOE 



T 



16 



FIFO nextjlne 



WO prevjlne 



'^FO currjlne 



64 



DRAMraad 



AH FIFOs are 64 bytes 
(twice the ORAM data 
worcf width) 



^ » ^ ORAM 



ORAMr«ad 



HCU 



J 



Figure 112. Schematic outline of the LBD and the SFU 
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24.2.1 



S5 



BiWevef Decoding fn the LBD 



Table 




number of bits, whichever is shorten n^^i^ tl^J^ "'"^ * P'e-prognunmed 

followed by pass through. Tbe pass tlm,uS^TcoSfa a^^''' ' ""-'""6* 
tIwnorequalto31. '«»«thnm-lcngth witharunof less 



RRRRR1 




RRRRR1 



RRRRRRRRRRtO 



RRRRRRRfltO 
RRRRRRRRRRto 



RRRRRRRRIO 



RRRRRRRRRRRRRRRQQ 



555R5RRRRRRRRRROO 



Short Stack Runtenqtfi (S bfts) 



Short Whfte Runlengft (5 tuts) 



Medium Btack Runtength (10 bits) 



Medium Whtte Runtenflth (6 bits) 



Medium WhHe Runlength with RRRRRRrr . 
Enter pass through 



x31. 



U)no Black Runlength (is bHsl 



Long White Runlengih (15 bits) 



the nght to most significant bit at the left). are read in the same way (least significant bit at 

pass tt. dat. ,1,. LBD as m-ccwl^ii^SS^ ?° °?^<"» « wouM b. ,„ 
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the coding scheme of Table 104 it is sWl ieeal LlS^ . ^ " mnlength. However under 
beeadesignedsothatifashort^u^ 'nS^'i -^^^^ or long ru„lengft. The LBD 

erra1fro^e»o^%rrer^^^^^ 
.odeiscon.l.ed..«^.^-°-s^ti- 



24^^ ORAM Access Requirements 



Table 105, DRAM bandwidth reqmremente 



Oirection 



Maximum number of 
cycle* between each 
2564tt DRAM access 



256^ (1:1 compresston) 



Peak Bandwidth 
(bItsArycfe) 



" ■ ^ — " ^ I ^ (1'1 oornpfesslon) i o .i (ion co 

1: At 1:1 compassion the LBD ccquues I bit/cycle or 256 bits cjy 256 cydcs. 



Average Bandwidth 
(bftfl/cyde) 



0-1 (ion compression) 
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24.3 Implementation 



24.3.1 Definitions of lO 



Table 106. LBD PortUst 




prst^n 




olu_cncloman<fetore(21 :5} 



Out 



Out 



17 



Out 



In 



In 



In 



Read address to OIU 
17 bits wide (2S6^^ftarlBn«l word). 



^«n««ted9e from DIU that read re<,ue« has be^n" 
new r«d add^ss can be placed on 



Data from DIU to SoPEC Units. 

First 64^>its Is tsits 63.-0 of 256 l>ft word 

Se^d 64-bfts Is bits 127:64 of 256 Wt %vord 

^ird64-Wts Is Wts 191:128 of2S6 bit word ' 
Rmrth 64-blt3 Is bets 255:192 of 256 bit wofk 



r ^ 



pcu_addff5:2J 



jfed.j>cu_datain[31 .-0] 



pcujbd_sel 



32 



In 



In 



Out 



Common read/not-wrfte signal from the PCU. 



^.7^nT"' P«/.i&flL^/is high both 

pcu^adO-antS pcujOataout qxb valid . 

^^^tfi?,^'^^ "TJ^' "^^^^^ Is high it indi. 

cates the last cyde of the access. For a write cycle this 

torTrL^fr registered by th^S:<S^':„. 

tor a read cyde this means the data on lb<Lpcu_^tain Is 



rSu?!^ "^f^""*" ^ "'^e data 

available for reading and is also ready to be written 
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Table 106. LBO Port Ust 



ibd^sfti_wdataf1 5.-0J 



J3 



Data from the previous line buffer. 



Write data valid sTgnal tor next Kne buffef data 
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24.3^ Configuration Registers 



Table t07. LBD Configuration Registers 



S3 



0x04 



Go 



0x1 



0x0 



A write to this register causes a reset of 
the LBO. 

This register can t>e read to indicate the 
reset state: 
0 - reset in progress 
1 " reset not in progress 



Writing 1 to this register starts (he LBD. 
Writing 0 to this register halts the LBD 
The Go register is reset to 0 t)y the i-BD 
when It finishes processing a band. 
When Gols deasserted the state- 
machines go to their Idle states but aJi 
counters and oonfiguiation registers keeo 
their values. 

When Go is asserted ail counters are 
reset, but configuration registers keep their 
values <i.e. they don't get reset). 

LBD should only be started after the 
SF=U is sorted. 

This register can be read to determine if 
tf^ LEO running 

(1 ■ runnin g, 0- stopped). 



OxOC 



PassThroughOotLength 



16 



16 



0x0000 



Qxt 



0x0000 



Width of expanded bl4evel One (in dots) 
(mustbeamultipieof 16 bits). 



Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby mald^ the LBD 
compatible with PEC1. 



Number of dots for %vhlch pass-through 
rnode win tasL If the end of the fine is 
reached first then passthiough will be disa- 
bled. 



0x16 



NextBandCunReadAdff21:5] 
(256-bit aligned DRAM address) 



NextBandUnesRemaining 



17 



0x0000 
0 



Shadow register which is copied to 
CarrReadAdrY^etx (NextBancfEnabte ^ i 
& Gos=0). 

NextBandCunfHQadAdrx& the address of 
me start of the next band of compressed 
bi-leveldatain ORAM. 



Shadow register which is copied to Unes- 
Remaining v^er\ (NoxiBandEnable y & 
GossO). 

f^extBancttJnosRemainhjgtsihe number of 
Bnes to be decoded in the next band of 
compressed bi-level data. 
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Table 107. LBD Configuration Registers 













1 0x20 








i^auow register wnich is copied to Prnv- 
UneSource when (NextBandBnatite ^ i 
AGo^ 0). 

1 - use the previous line read from the SFU 
for decoding the first line at the start of the 
next band. 

0- Ignore the previous Une read from the 
0fl-vf loraeoootng the nrst One at the start 
of Ihe next band (an all O's line is used 
instead). 


j Work registers (re 


NextBandEnaUe 
ad onfy for external access) 


1 


0x0 


'NextBandCutrReadAarks copied to 
CurmeadAdr, 

'f'toxtBandUnesRemalning Is copied 
10 £ines«e/na/n/nflr, 

•f^toxtBandPrevUneSource Is copied 
to PrevUneSoarce, 
-O^isset, 

-NaxXBandenabte is cleared. 
To start LBD processing NextBandBiable 
should be set 


1 0x24 
1 0x26 


CiirrfleadA(ir{21:S) 

(2S6-bit aligned ORAM address) 


17 




The current 256-Wt alfgned read address 
withtn the compressed bWevel Image 
PRAIW address). Read only register. 


1 Qx2C 


UnesRemafnlng 


15 




Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0, Read only register. 


0x30 


PrevUneSouroe 


1 




1 - uses the previous Hne read from the 
SFU for decoding the first fine at the start 
of the next bartd. 

0 - ignores the previous line read from the 
SFU tor decoding the first line at the start 
of the next band (an all O's line is used 
instead). 

Read only register. 


0x34 


CunrWriteAdr 


15 




The current dot position tor writing to the 
SFU. Read only register. 




RrstUneOIBand 


1 




Indicates whether the currem line Is con- 
sidered to be the first fine of the band, 
^ead only register 



i3 



24.3.3 Starting the LBD between bands 

Thcreare4 mechanisms for restarting the LBD between bands: 

•— Page 308 



SoPEC : Hardware Design 



LBD restarts immediate! ° ^' ^^^"'^^ble is already set so the 

commands in rtSy for ^^0! ' '"^^ - adyaoce and store the band 

commands from DRAM, m l'bd wtS^'S^^'^^^^ ^^'^ 
mands from DRAM. The PCU commands ^J""^ "^"^ 
BandEnable for the next band. ^ "8'^*'" ^ 
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24.3.4 Top-level Description 

A block diagram of the LBD is shown in Figure 113. 




Figure 113. Block diagram of lossleas bMevel decoder 

The LBD contains the following sub-blocks: 
Table loa. Functional sub-blocks In the IBD 



Registers and 
Resets 



Stream Decoder 



Command Controller 



Next Edge Unit 



Une Rll Unit 



^^LT'^n*^*®"^" 'eoisterTAIso oiMi«^ fteGo«i^ 
ffasef signals for the rest of the LBD ••wwanamo 



Acce^estfie bi-fevel description from the DRAI^ through the DfU Inter- 
fece, ft decodes me bit stream Into a command with arguments wh?^ it 
then passes to the command controller, uMmcms, wnicn n 



Interprets the command from the stream decoder and moi/fda th« k-TST 
unln«m . fimft address and color to m U-el^^S^KSrS^^, ^teo 
provides the next odge una 8tarti,H» ««M ress to look for fte nexTedoe 



Scans mroiioh ttie Previous Line Buffer using its current address to find 

edaeonit ou4>ut3 this as the next current address back to the comn«li 
oontroner and sets a vaPd Wt when this address Is at the next X 

amit address, -me color and limit are provkied by the command con^" 
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SfS^s '^-^ writes dus data u«o the 

Naming of signals and logical blocks arc taken from (18] 

24.3.5 Registers and Resets sub-Wock description 

^ n.e register des^.^^^ J^^^Dl'liSSVlT^ "^"^ '^"""^ 

linTfsatSTrS^rtltf^^ 

LBD ignores the previous ike ii^oSa •^'^ ^ « « written the 

line regardless of what the out of the^ is and acts as ,t w recetvuig all zeros for die previous 

piessed data stream. icquestrng data from U« DIU and commence decoding of the com- 

24.3.6 Stream Decoder Sub-WockDescriptton 

St^SrStSt^^le «6^U n^S'^b^^^^ the DR^ viathe DIU(single accesses of 

Ae empty space cteated by &e S Sift^i'iSS^ ^'t!^"^ ^"^^ ^« "P 

into a command/^guments pair, ^ch in ^^V^TJ^^'SZ^^ ^ '^'^^ 
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A dataflow block diagram of the stream decoder is shown in Figure 1 14. 



DRAM rmerliBce Unit 



Straam Decoder 



1 



17 



Slate 
machine 



64 



-7^ 



e4 



I CwrReadAdf | 
V ' 



FIFO 
>=9 Locations 




shift 



64.bit Bairel Sh« Register 



HI- 




SdAcc SdV&Bd 



1 <te^ 1 I command J 



EiMKXBaixJStore 



StartOfBandStore 



r 



1 



'IS 



Command Contrefler 



Flgura 114, Stream decoder block diagram 



24.3.6.1 OecodeC . Decode Command 

The becodeC logic encodes the command from bits 6 0 ti,« k.* ^ . 

mands: SKIP. VERTICAL and RUN^^thh^^ 6 -0 of the bit stream to output one of three corn- 
consumed, which feeds back to ^SJ^ft rl^^"""" an output to indicate how many bits w«e 

as a medium .SeS tS^t^ t^^<^°^*^ .'^ less than 3 1 . encoded 

length is decoded completely S^ll^e^^J^SS^ honzont^ command containing this run- 
be a number of bits that reoiesent uT™ aa ^Y^" ''^"o^g runlength there will 
ail these bits harbet d^^LtST^, t?" '^'^ «4iSL7y«Ot/cSmode until 

or the line ends, which ever SmriS;^ ^' "*''^"'^*'^^'*^ 

24.3.6.2 DecodeD - Decode Delta 

1 5 bit number/S ^Z^Slyto^^^ ^ ^ - -^"t. The output is a 

ciotsforanA4pa geand 19488 dl fo"!^^^^^^^ ^"^^ to 13824 

^ — ; ^ ^ page cot 32.768), a 2 s complement representation of -3,-2,- 
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iwill^work correctly for the data pipeline that follows. This urUt also outputs how many bits wete con- 
Clock cyde and passes the bit ir. the less si8nificanS;So^^^^ 

^tfc^Z^'m^; : "^I'T.I ""^^y - white 

«d the cur«nt conm^nd ' '^'^ «"°' <»> 

current color 



24.3,6.3 State-machine 



2?F^r^i:;"^r;^r^ft~>;^^ <.ata Whenever there is enough l«e space in 
mand c<;ntroUer^1S7^ ^^^"^1^4 ^f^**"^ 

-«Lo/_W_«o«.Ifthetwo Srequi\^^ cycle "i^-^arf.a^ is compared to 

memory add^ssing). OthS^iT ^r;^^^!^ Iji'f^ 

r^^':^^^ ^ P«>-<^ ^ons to 

^dZt^^f^^^^^^?;?^^^^ ^« -o run lengths are passed to the com- 

passed, and the stale machine sel^eL^n 1^^^^ In the first instruction fetch, the first run length is 
fetch ftom the connnJ^tr^l^t l^i^A-'?"'!^' the barrel shift In the second instnSson 

24.3.7 Command Controller Sub-block Description 

ing address to look for tS nl« 21?!„h ^ P^'^**^' "^"^ ^^S* with a start- 

aot?6Xtlrii^C's?Zdrrr7^^^ 
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strBdm decoder 



Jjnojength 



_ignor9_prey_BnB 



eod_of«llne ' 



Sd_CQlOf I 



end of band unit 




Figure 115. Command controller block diagram 



24.3.7.1 State machine 



The following is aji explanation of all the states that the 
i START 



state machine utilizes. 



iS^^d^^^cS.™^^ ^^Z' l-i or soft «^ occurs or when has been 

(Next Edge Uai.). the S^:^''^:tf::^:rr^ bas been asserted and the A^C 

a AWATFJUFFER 

state when the ^''^ *° 

mand controller can proceed to the PAJtSBs^ NEUJtUNNlNG stole. Once this occurs the com- 

iU PAUSEJCC 

decoder) or if /W^^e^^^^dflf'^ 1 1^ ^"^^ '^^^"^ * of the stream 

command cont^^ToeSfo^rS^U ? LBD needs to pause. PAUSEjCC is the state that the 

both asserted 1 r^ r^^r^L'^^e^Jr '^'^ '^-"^-^ 

/V PARSE 
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When in this state the coaumnd controller can receive one of four vaUd commands- 
a; Runlength or Horizontal 



cli«lge» into Ibe HWTJ'ORJUNLENOTHsat^ 

while this o^ru^ ° P^int- The command controller 

b) Votical 

\^aien tJus command is receive^ it tells the comnmd controller that mth<.«.-„^ r • 

change from the cuirent color to opposite of the^nTSl^rT. ^ T " ^ 

the cuirent position in the ptcvioiS^ nefor k ^ ^ ^ 

blaclcrtisimponanttono^thatTahTac^Jotl^^^ 

Sifei^ri-ru^sthtsi.^^" 

element on the previous line, for a VerticalftUlTn^T^ ^ . ^ " *° changing 

<^ Skip 

fh^Jl'TisteTSS^^^^ commands but the color in the cur^t line is not 

that the command conSr *iP commands 

d) Pass Through 

r^rS:°!Sce"^to^":.S^^^^ supplies one bit per clock cycle that is uses to construct 
LBDcanrec^eSno^^^? '? « <i«^oder. the 

color as the last bit in I^^'SS^^Z^I^Zi^'^ir"?''''^ ""^^ ^ 

command controller as e»>h ™« a!^..^-^^ Oirough mode does not need an extra state in the 
cessed in one S "c,r^ "^"^ "^"^ ^ decoder can always be pro- 

V WAIT_FOIUtUNLENGTH 

LENGTH has been consum^^H n«^>. fi^.vuli V'^^-f*^^'-^^^^^^^™ all the i?CW. 

controller will ^o^^t^t^^ "^'^^ « of the line the command 

vi WAIT^ORJNE 

renim to fte state. command controller will 
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vii FINISH^LINE 




Figure 116. State diagram for the Command ControUor (CC) state machine 
24.3.8 Next Edge Unit Sub-block Description 

iyMjKj wm searcn tne previous line for the next edge. If an edee is founrf rh*- hmn^^T^^ ♦u- i ^ •^^c 

SS^To^: ''^'.T '^^^^'^'-'^ ^« "nit uses this result co2^t^,S^jS^ 

this case the NEU wUl request more words from the SFU and wUl Icccp searching for an edge. It wUl co^ 
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Table 98. CDU registers 



iCOi 



0X14 



MaxBlock 



BuflStartAdr 



13 



15 



0x1 C 



BuffEndAdr 



NumBiifflJnes 



15 



0x000 



0X0000 



i.e. axa bytes) in a line • 1. 



0x0000 



Points to ttie start of the (teooinpressed contone ar- 
toun<£l5*' '^'^ *^ 
A half JPEG block consists of 4 words of 2S6-bits 

Bolnte to the start of the last half JPEG block at the 
S?Au « «'»«""P'esse<J cofrtone circular buffer in 
A^.^.^?r!? * »»^' JPEG block boundary, 
iic!^!;^ to of words Of 2S&ilt8. 

Tj^g wJST * 



QxOC 



SypassJpg 



NextBandCurr- 
SouiceAdr 



NextBandEnd- 
SourceAdr 



Defines size of buffer in DRAM bi terms of the 

number of decompressed oonftme Phes. TTie size of 



17 



0x0.0000 



19 



0x0,0000 



"^T^' -^^^^^ ^^^x'e^ will be 

'^"^ '''^^^ <'^-^ ^ 

0 - don't bypass, 1 - bypass 
Should not be changed between bands. 

II'I^^I*"^"*^ containing the start" 

DFMM **' compressed contone date In 

TWs wlue is copied to CutrSouneAdrvihen both 

^^^^^J^ Afe««a«fa«Wi.l8 1. or When 
GD transitions from 0 to 1, 



0x38 



NextBandVaJid- 
ByteeLastFetch 



0x3C 



NextBancfEnable 



ftead-onfy registers 



0x00 



T"*"® aiigned word address containing the last " 
bT^of the next band of compressed contone data rn 

!^"^o ^ ^^SourceAdr^en when 

bothDo/waanc/is1andA/exffla/)tf£>ia6feisl or 
when Go transitions from 0 to 1. 



Mask containing a 1 fri each bft position that repre-" 
sente a valid byte m the last 64-bit fetch of the next 
band of oon^ressed comone data from DRAM 
IHl « "^P^^ *° ^^By^sUstFetch when 
both DoneBandi^ 1 and NextBandEnabte is 1 or 
when Go transitions from 0 to 1 , 



When NaxtBandEnabfels 1 and DoneSand is 1, then " 
y^enodu_nnlshedt>andls set at the end of a band 
'r^oxtBandCanSouriceAdrls copied to Ct//r- 

.A/e*ffland'Endi5a//ce^ris copied to EndSoun:eAdr 

-DoneBsndls cleared, 
'NextBandBnabie is cleared. 
NextBandEnabiB is cleared when Go Is asserted. 
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Table 98. CDU registers 




0X40 



Speane, wnemer or not the cljrrent talJd hSTft^ 
^ed toading Into the local FIFO. It Is cleared to 0 
when Go iransitions from 0 to 1 ^ «» « 

When the last of the compressed contonedata forthe 
band has been loaded Into the local HFO (he 
oA,_ffnlsh0dband signal is gh«n out and ttte 
DonoBamtnag is set. 

n NextBandEnable is 1 at this time then Ctor- 
SoufceAdr, BndSourcaAclr and ValidBytesLasff=mi,* 

rn^^^"^ "'^ remainder of the 

CDU wn continue to run, decorr,pressino the daL 

NextBandEnable to be set before it restarts. 



current band of compressed oontone data m DRAM. 



Tt»64-«, aiioned word address containing the last 



Atesk conteinmo a 1 in each bit position that repre- ' 
64-Wt Ifetch Of the current 
band of compressed contonedata from DRAM If the 

22«^^sf^^shou«besetandtheupper5bita 



QxSC 



0x0 



0x0 



JPEG decoder core read-only status reofat^J. 



«'««'<*ed they can also be output on " 
fte Oe«&/«,(7pffOec«rf;, port wtth the usersetecUn^ 

4SOF+SOS+DNL 
3COM+APP 
2 0RI 
1 DOT 
ODHT 

^S^rt "^^^^'^p P««^ to the 



Test type sefector 

? ■ SS^^^"*^ "^^^^^^ ^" ^PdDecTdata 
1 ' QDCT coefficrent displayed on JpgDecTda ta 

agn^whlch causes the memories to be bypassed" 
for test purposes. y*««»»eo 




Signal specifying parameters to be placed on port" 
JpgOecPVSalue (See Table 99). «~onpoa 



Sel«;ted header segments from the JPEG stream 

^zz^r^'"'' 
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Table 98. COU registers 







1^8 


■^^^^^ 




0x66 






uxuuuo 


™VJ!f°!^'*'"^'"^^^' "^fortes Ihefiist out- 
put byte of me first 8x8 block Of the test daia 

*e first out- 
put byte of eadi 8x8 block of test data 
11-0-11 -bit output test data port - displays DOT 
coefltaents or quantized OoefRcients dependlno on 
value of JiroOecTTypa: epenaingoii 


Qx6C 


JpgOecPValue 


16 


QxOOOO 


Deeodmg parameter bus tuMch enables various 
paeameters used by the oore to be read. The data 
avanaMe on the PValoe port is tor information only 
and does not contain contiot sisnals for the decoder 




JpgOecStatus 


22 


0x00.0000 


^ ^] set. indicates that the JPEG " 

^ JPEG 
halftlock double-buffers of the COU are full) 

TJ!!p^r'';i^^:^^^ output from 

TbScr^' " • ^ 

Jf:° 1".^° ^» ~«Puts from the 



22,5.3 Typical operation 

The CDU should only be started after the CFU has been started 

Aina. Users then set the CDVs Co hhto^^^Z^'-JTJ''^'^- ^"JS^^dBlocJUdr and NumBuf. 
for the band has finishSSng rS rS.^n A'l^^:^^ 

indicating that the ma^^o^J'^^"^'£^^fi:'^ "T^J sent to the PCU and CPU 

band of contone data. now fiee. Processing can now start on the next 

ijr^S.ss'Sdt^br^prdrrs:'^^ 

for restartbg the CDU betS^andl: ^ ^ ' Ne^andEruible. There are 4 mechanisms 

rent band. Mtb^^To^^.tLT^. C^TT^'^^^^ '''' "^'^ 
aln^y^theCDUstarts/r^^^^g'Snttb^^^^ 

«ri »0„ a„ b»d co™™* i. DRAM «^ riSlT^ 
o.Tlus IS a combination of 6 and c above Th«» Pf-r t 
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already 1 the Cni I Oo'^Band^ pulses cdujinishedband. As NextBandEmble is 

res^ ty thc^TSfe ?CUh« fc^^^^^ conunan,k from DRAM. The CDU will have 

IJr^ ® ™^ fetched commands from DRAM Th*. Prri j 

gnun the CDU's next hand shadow xysters and sets tiieS^wS ^' 

l^tj;^^^ ^^r^d^rc;,*elm'° r •"'^ o^-^O". - error hit will he set 

reset hymeansofa^te to its^L^rSltS^-^^^^ 

22.5.4 Read control unit 

S.S'rr F^a ^hTcS'iSd'^l^^^^ ^ and passing it to the iPEG 

receiving the data from the DmTver^lSJ cvlt^Ll? " 256-bit accesses, 

accesses to DRAM is descrited i^ sectiotSS'^^Si^^ ^ 

by means of the state macSSS ° "^^'^ """^ implemented 

All counters and flags should be cleared after reset Wh^n f««„-^» «. „ 

should take their initial value WhileX^ J?^ ?1 ? ^11 counteis and flags 

itwhethertoattemptto;la^ofc^rS;SS.tt;eX.^^^ 

does nothing. When DoneBandTc°^^T!^lllT ^ "^^^^oneBand is set, the state machine 
2 to 25,.,L 3t a time whi;^Lre1^' ^^^r^?"^^^^^^ 

atleastatthepea.DRAM.^J^tJSf^f'S^^:— 

*«_c^^i^ being t^-:"tt "^"S; t ^Tmpl^" tT'boS "T'' '""^^^^^ ''^ 
end_ofJbandstore: ^^»ar is compared to both end_sourc€_jidr and 

• If {curr^source^adr.rd^eount} equals c/uf j^o««:^ o/fr the u ^ . . 

FIFO is 0. ^ end_of_bandstore. The end.ofjnutd control signal sent to the 

c«rrjo«n»_«ir is output to the DIU as «ft#_rfm_^a<& 

A count is teptofthe number of 64-bit values in the FTFn wi,-« J- j 

0. data is written to the FIFO by aiertiMS'r '^'"-'^"-ryaJid ts 1 and /gno^.rfato is 

incicmentcd. ^ asseitmg iBAJifo_contcnts[3:0] ai,iMojm-_adr[2:0J are both 

rS^OrSSlX^r lie ^^'^ - <^ ^-^^ble in 

data from the HFO. Note^tTl^o poSblf to b^.^ ''o- f^serts^p^_/„_„;, when it is ready to receive 

^ ^ aligned, i.e. the upper 3 bits are input as the read address for the FIFO 
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ignore.daia « 0 

1 

^ reset ^ 



odu.diu^eq * . 
Ignore.data « 0 



< 



C 



<: 



DonaBflnrt 



odu_d(u.rreq e o 
Ignore.data » 0 



req 



3 



Cfiv_<iiu_neq = 1 
ignore.data & o 



ack 



5 





dhj <^ti — T 




oau_oiu_freQ s o 




>OnorQL.data o 0 


1 


r 



read 



> 



cdu_diij_rroq ° 0 
ionore^data b i 



Roure 101. State machine to read comprassed contone data 



22.S.5 Compressed contone FIFO 



ten to the ^FoXi^^?^,S ^i^j^^^J.^;^^^ 

end_o/ band bit is 1 if AisVs th.^r/; "^^^^ P""*^ ^ *e ^ea^ «=ontrol unit The 

When e«^_<£w = l^S^t'S^ ' ^ '"-f- 

sion of the same. *^ ' '"««'^«^«^»'«CA register is also copied to an image ver- 
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. FIFO «Uiao,»i .ffm tftoli^SStif^ compTOsol con»« data te ^ ^^l"^ 
22.5.6 CS6150 JPEG decoder 

the CS6150 JPEG d^d^^^^'^^YsS^t't,^^^^ ^"^ '^^ ^'<^ 

which a gated ve«ion of the ZZi7^l J!fl. 7 techno ogy). The core is clocked byyctt 

JPEG decoder on a single colorTiS h^niJ^Z. 1 P"^**" * mechanism for stalling the 

the PtcOuiEnab inp^ to tS j5»EG d^^H ^^^w of output data is also providS by 

block bounda?S?n^SJ^"?^::«;SS iZ'^T.^'' ""'"^ "'^^ 
instead tied high. ^ « employed and PixOutEnab is 

S.Tc'ol'rSl^S^^fil!^^;^^^^ ^« ^^CJ bytest^^ and uses 

quantization tables, restart iirtervdd<^tion^d fe^.^^^ ^ ""^""^ tables. 

*e IPEGbytestre^ "^"St^g^S^Sl'Tthe^^ 

fying the JPEG segments the decoder re-dir^^^^^l ^ segments. After identi- 

as appropriate. An?^„ors ^^^l^^^^ZXr^^VT'' or processed 
s^eda«,.ifanerrorisfound.thedecod^C^Xgrj?S^.:;^:r^^ 

6^5Si;^1^S'ow;X St m^LS " "^^'r' "° ^-^es longer than 

Lines (DNL)^r?.£"LlSSy^ri;^f^^^^^ ^fi"'' ^^^^ 

^So^S::^y%^:V:^::-^^^ for timingdiagrams of the 

length as this is a modifiiation to xbTZT ^ " 

pixelsinthecorrectcirorr^^rdLli^S 

The following subsecdons describe tixe means by which the CS61 50 internals can be made visible. 
22.5.6.1 JPBG decoder parameter bus 

mines whicS intemJ p^^l^S^ J*' "P"* (J^g^ecPJ^e) deter- 

them;«eportdoes^^rSc^SraLt?f,T^^^^ 



Table 99. Parameter bus definitions 




0x2 



FX(15:0] 



OOLYMCUf13:b3 



FX: number of columns in framo 



YMCU: number of MCUs in Y direction of (he cul^^M^ 
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Table 99. Parameter bus doflnitfons 



0x4 



Cs0[7:0LTq0(l :0LV0r2:01 
-H0(2;0J 



0x5 



Cs1[7:01.Tql[i:0LVl{2;0] 
_H1[2:0J 



CsO: WenUfier for the first scan component 
nS idenmer for the fiist scan compo- 

Vai^^^T"'^^'^ ^""^ component, 

HO: horizontal sampling factor for the first scan compo- 
nent. values = 1-4 



Cs^:0LTq2I1:0J_V2[2:0] 
.H2I2:0I 



Csl. Tql, VI and HI for the second scan component 
Vi.HI undefined if nS<2 



CsHHSrOJ 



Cs3. Tq3. V3 and H3 for the second scan component 
V3. H3 undefined if NS<4 



0x9 CsV[15:0j 



CsH: no. of rows in current scan 



OxA ORiflSrOJ 



000_HMAX[2:OLVMAX[2: 
OL MCUBU<r3:0LNS[2:0J 



HMAX: maximal horfzontat sampfing factor in frame 
i^^i ^rtical sampling factor in frame 

NS: number of scan components in currgnt scan, 1^ 



22.5.6,2 JP£G decoder status register 

the JpgDecStatus agister T^SfilSlS* ^1', " ''^'^^ '^'^ by reading 

high to indicate an error condition as defin^d^^Sle Too '^^^^'"'^ are set to zero at reset and active 

is required from the user If any of the other ^Z^Z! at the start of the next unage and so no intervention 
rrS;-corewn.disc:^^iitS^^^^ 



Table 100. JPEG decoder status register definitions 




11-8 



TblDef[7:4; 
TblDe<I3:0] 



DecHIEiTor 



Indicates me number of Huffinan tables defin^ iJBT 



Indicates ine number of quantization tables defm^~7^^;;^ 



Set when an undefined Huffman table symbol is referenced during decodinfl. 
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T a ble 100, JPEG decoder st atus register definftions 



6 



CUBnor 



HlError 



QtE/ror 



OecError 



IDctrnProg 



DeclnPfog 



Set when»n ,n^.«, sof parameter or a: inva.Jlo^paZeteris'Ke? 



Set when an invalid OHT seflment Is detected. 



Set when an Invalid DQT seflmenl is detected. 



Set wnen anything other than a JPEG marker is inpiiL — 

Set when any of DecFlags|8:4] are seL 

Set when any data other than the SOI n«rtcer is detected a. me start of a ^sn,. 



Set wnen roCT starts processfng first data of a scan. Cleared when inrr k^^ " 
processed the test data of a scan. ^laarea when IDCT has 



JpglnProg 



wgnai nas oeen output from the core and is de-asserted when ih» ^ux^^H, 
«an.. complete. It indicates that the core Is in thTdeSCSe ° ' 



22.5.7 Half4)fock buffer internee 



to stall the JPEG decoder core at ouS^^n a S?^^^^ ™^ - *° "c able 

pixel). We provide a mechanism for shEr SfoV.;? a ''T^* pixels (8 bits per 

half JPEG blocks to decw^ole JPEO SLT ? ! «^on«ble for providing a set of double buifeied 
DRAM (write cott^^lJ^tToL co^S^^^ '^^V^^^ ^« "^^0 blockT^o 

oaly a single color plane. Da^^i^ 3e^e o^^^ '^'^ - ^^^^ <n-tities for 

c'^b^o'^loSfL^m^S'Ia?"^ '-'^-"-•^ -ne simple 



P»x_out_valW 
jpg^core^stall ^ 

Jdk.6nat3le ^ 



pixsLdata 




cdu.dlu.data{63:0J 



Frgur* 102. Block diagram of half-Wock buffer fnterface 
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2Z5.7.1 Haif^block buffer setect unit 

this case, each buffer is a half JPEG bl<;?L?32b^^^ 

SL«^iJ];^?trL?aS^^ and 
single bit (wrbuff) for the current hS th^ T *^"^ 

6«ir_«va///W._^^.Wheny>Tt»r^^^^^ T^"" equals 

the production of pixels. Tiff dock ^tgS p(^o™^ in bl^^^^^^^^^^ "^?1.°5''* ^ '° 

output from the CDU. When fctt ««^/^VY™!l . 

Oc/iL«~a*feistheinvL^,>^lf;;^^^ 1. /c* equals When yc*_.««6/e is 0. yc/* is 0 

S!c:«^7^-^:^*f^r^^^^^^ - cleared, and r._^ff,s inverted, 

mented whenever^ ATJ^f if 1 S^nf ' T'l"** ^""^ "'''^^ 

;.ir_o«r_v«/l/X>roed;itharZSr'5f^ ^V^^ 

ANDcd with nOirft, Of JPg-Core_stall. The output equals haVJ>lock_ok_to_read 

22.5. 7,2 Contone plane buffer 

E«:t«.ntone plane buffer consists of two half JPEG block buffers as shown in block diagram form in Fig- 



rdjbuff. 



vw_buff_ 
¥w_en~ 



8 

-7^ 



plxei_data ^ 



wren 



JPEG 
NUf-bloGk buffer O 



pixel, data , 



JP£Q 
Naff-Mock buffer 1 




41 



odu.dfu_data(63:0] 



contone pfane buffer i 



• — — — M « ^ 



Figure 103. Contone plane buffer Interface 

l^Jc.'^eS°;:^f^ -^^^^^^ -0-t Of combinatorial 

lected at the fost shift SrL 8 ^ ""f ""^""^ ^ ^ol- 



Do.SoPEC.Ha««..<,^„ S3P™^«^oocume« ^^^^ 
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22-5.8 Write control unit 



ORAM 




4 line 











JPEGWockn 
6ne34io7 



► '"^y^^x 64 bit writes to consecutive 

COU access to DRAM "»"Bw 
CX-CoiofX 

LY - Line Y or 8 bytes of a Bne In a JPEG btodc 



MocR 0, color 0, line < in word <, bits 63-0, line 5 in word bits 63 0 

ixne 6 .„ word <,.2 bits 63-0. line 7 in word ,.3 bits s's.'o. 

block 0, color 1, line 0 in word p bits 127 64 , . 

tt ... " Wits i.^t-fti, line 1 in word d+1 bitn i^t 

line 2 xn word p*2 bits 127-64, ii„e 3 in word po** bit3 iV'.^ 

blocic 0. color 1. line 4 in word bits 127-64, line 5 in word a.l bit, 127 64 

line 6 xn word «.2 bits 127-64. line 7 in word%\3 bit-^'^.g*. 
repeat for block 0 color 2, block 0 color 3 

block 1, color 0. line 0 in word p*4 bits 63-0 lin» 1 . 

V - Dies bj-0, line 1 in word p+5 bits 63-0, 

etc 

block N. color 3. lino 4 in word ,*4n bits 255-192 li„» ^ • 

line 6 in word '.4n*2 bits 2SS-l« Tin '7" 7:"" "I*"*' '"'^^ 
■ -"^i^e 7 in word Q+4n4.3 bit 255-192 



in 

as 
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In SoPEC data is written to DRAM 256 bits at a hm» tu rxnj 

C^U. i.e. the lower 2 bits indicate ^iicbTbL ^^^!?^.^^^ -««ned from the 

address the DIU also receives half a /PEG WoS « ^1) L T T "^^"S ^"^^ ^o. With that 

accesses to DRAM must be padded to 256 Wte or thS T^^ " ^ "^'^^ ^^^^ ^ cycles. All 

the individual bit write inpuS of the dS^ ^'v^' * T ^ "^8 

only 64 bits out of the 256-bit access to^DRJ^e^^^iT'^'^ ^ ^'^'^ CDU 
by the DIU. nus means that the decompress^co^toS the remammg bits of the write are masked 

wnte masked accesses to 4 consecutive SSSi^tS'ti^^^^^^ 
block to DRAM. Once the hal7-blS kSjrT^ tSf H " *»»f ^ 

requests a write access to DRAM b^^si^J^^^J:^ » W°<=k. the state machS 

.ng to the first 64.bit value to be w^tten. ^I^JEJ?^ "^'Jf' ^'-^^-Pond- 

access of 4x64 bits is issued by the CDU -^En^iT^ v in each 

four* 64.bit values). TT,e sm/mJj^^^ZZ'^T^lt" 'f^^'^f «^ 
aig a read of 4 64-bit values ftom the halSterbufferSJ^ ^'^ DIU before imtiat- 

put cdu_^u_M^alui is asserted in the cycle after STIT !^ ^ "''^'^^^ ^ "Hie out- 

the cdu^dlu_data bus and should ^S^tl^^^Tj^T^ ^ Jl^^ « present on 

.s then sent to the half-block bufferTterfa!e to S ^ '° ^'^^ '^-'^^ 
^.dnowbe^3bletobewrittenrjSrr^ 

"dCsZidSreT^J^-tthnn^^ 

" «<Wress output to dram 

cdu_dlu_wadrt4:3J = color ^ ""^ flanerates those bits of the address 

if (half == 1) then 

^^^cd.,diu.-.drt.l:7, = ^r_hain,loc.^adr ^^^^ 
cdu.di^«adr,.l:„ , l.r_halfMoc^adr „ .o. ll„es 0-3 of aP«. bloe. 

irr^iad",«i7iYocr::\rtir^*"^ -^^^^ — -cess 

If (half «= 1) then 
half = 0 



if (color iiiaxj>lanG) then 
color = 0 



if (block = = max block) ^hen 

pulse wradvSlIne writing a line of jpeg blocks 



block = 0 



// 
// 



upr_nalfblock adr = buff at-M-^t- —a 
elsif (upr_halfbroc._adr f ;;:rbi;:f/iT^°f 

upr_halfblock_adr = buff_st«t adr »«'«-e»«3-«dr) then 

— else 
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else "*"^-'»^«>l''<=''--* = uPr_halfbloc.^adr * ™^block * 2 
block ++ 

else - address for lines 4-7 for next block 

color 

else 

half = 1 

if (color == maxjplane) then 

if (blocK »«.blocM then /, end of writing . ii„e of bloOc, 

"c^^%':f^^L%^\^s-L^^^^^ r -oc. t.K.„. 

1£ (lwr_hal«,locK_adr == Z,flJ!l a^' th^ " * 

else — 

lwr_halfblock_adr - lwt_J«ilfbloc)^.dr ♦ oa^block ♦ 2 

else 

^^^^^^ ^^^^^ ^^^^^ 
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cou_dfu_wreq = 0 
cdu_dhi_wvaf(d » 0 
^ rd^atfv.O 
«t-adv_haif_bJock«:0 



i 



cdu_dlu_wreq b 
cdu_<l(u_%vvatid « 
rcf.adv » 0 
nLadv_haIf_btock 



idle 



c 



rd_adv « o 

rd^ac*v_half_biock « 0 



req 



c 



> 



hatf gfork ok trt — 
Gdu.dlu_wreq s 1 
cdu.diu.wvaud s o 
rd^adv » o 

«ljadv_haiLblock»0 



ack 



c 



3 



cdu_diu_wreq » o 
cdu_diu.wvBjid « o 
rd_advs 1 

'd_adv_halLblocl(»0 



read 



c 



cdu_dlu_%vreq *i 0 
cx}u_dlu_«waDd « 1 
rd.advs i 

rtl_.adv_ha|f_blocfc » o 



write 1 



3 



cdu_dlu_wreq » 0 
cdu_diu.wvafid « 1 
(d_adv« 1 

n'^adv.halt.bfock » 0 



^ write2 ^ 



c 



cdu_dlu_wreq = 0 
cdu_dfu_wvaUd «= 1 
rd_adv « T 

nJ,adv_half,bfocka 1 



writes 



3 



cdu_dl u^wreq *= o 
cdu^diu^vwaiidei 
(d_adv tt o 

'ti-adv_half_bkickBO 



^ write4^^ 



cdu_diu_wrGq » 0 
aJix_dkj_wvaJid » o 
rd_adv ** o 

nrf_adv_haff_block » 0 



Doc: SoPEC^hardware^design 
Version: 2.3 



Figure 105. State machine to write decompressed contone data 
S3 Proprietary Document 



as W5v2002 
Page 285 



SoPEC : Hardware Design 



22.5.9. Contone Une store Interface 

^^'Z^v''Z^''^^J:'r^^^ *e shared resource in 

The contone line sto^SerfS^^rl^^e mi^^^^^^ ^ lme-at-a-tin.e. 

OaAM.an.p.vi.essi^ssora'^^^^r^^^^^^^ 

write to. Thus the size of the line sto^n^f^ZS^ , """^ ^"'"^ C^U to 

line stot« interface is 8 lini proS a^S^^^b^^t^ * ' f ^ "^"^ ^^^-^ 

scheme while 161inespxovi<i,SaI?bfe!b2^^^^^ 12 lines fora 1.5 buffer 

S^t D^X'ai'tirerotti^^^^ "^P* o^^^e nun^er of lines 

set to the value of ««« -^e coli o„^h ^^^^ » »<> L «««-/««_«v«/ is 

available for 8 lines, indicted whe^&e^/^eTto^^^^^ ^ T*" *" '""^ ^ ^^<^« 

writing 8 lines, the M^ite conS>r^ ^n^Zi^t^/''-T'' ^''l " ^ finished 

Priatcly.and sends its own n&rf.//?e5itoAeSS3?^/^^^^^ 
lt«nishesr«adin«then..„W.^Sst2:SS:2Sr^ 
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23 Contone FIFO Unit (CFU) 



23.1 Overview 



S.d^tffer'i^SlSiiSn^^^^ decompn^ssed contone data layer from the 

color invention in up to 4?ol3es '^^dl^^^^^^ ""^^^ *° ""^^ followed by optional 



23.2 Bandwidth requirements 



fSrV/prrw't^s^s^ 

direction is performed at thel^ JofZSJ o^a^xef h 'J?"' '° ' '^^ ^^^^^ » the X 
tion is performed by the CFU r^lZ:hMe^nZ^l^T''^ ^"^^ "l^^ replication in the Y direc- 
DRAM. The HCU generates I SHSf.l^el it IcoH ~ T^' f",""*^ ^'^ '^""^l* f^*"'. from 
1 side per 2 seconds for full bleS amS^I pr^^^ cST T^^^^^^^^ ^"^^^ ^ P^nt speed of 
color contone pixel (32 bits) e^l? ^ ^ ^PP"ed with a 4 
ftom DRAM 5.33 blt^/qlcte' PP' ^FU must read data 

23.3 Color space conversion 

^::^fco^XTrj;E^ima«irsTfS^ 

and K, directly represented by cS S w SL^*' ^""^ C. M. Y, 

muIti-SoPEC prinLg with exL coloi^ "P"^' 8°'*^ g^^' ^- 

cSr^^'^^S'S^'^^i'^^^ visible quality when luminance and chrominance 
luminance -^o^^^tJ^^J^X^^tl" ^ C. M and Y each contain 

fom provide the means by which C^^t^l^pZSZTpTcJ^'^^^ 

sion. F«!>cu w oort^i^ as YCiCb. K does not need color oonver- 

^^t2At^ico°s:JS^s 

to CMY «*°™P"»sion. the YCrCb data is obtained, then color com^erted to RGB. and finally back 

S;.errio^:/^7.Jr^^^ ha^ware 
are normalized to occupy all 256 levels of an 8-bit btoSyl^c^^ ^^""^ '^""P* ^ ^b 

The CFU provides the translation to either RGB or CMY ROR i> .^^u.a^m ■ ■ 



1. 32 bits/ 6 cycles = 5.33 bits/cycle 
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S5 



IS no 



1 color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 color planes YCrCb, converaion to RGB 

• 4 colorplanes, no color space conversion 

. 4 color planes YCrCbX. convention of YCK* to RGB. no color conversion of X 
The YCiCb to RGB conversion is described in fUl Note that ifth^ a ♦ • 
^cfic «^ug, i. co^^i'Sil^^Ht Si LIST 

23.4 Color space inversion 

In addition to perfonning optional color conversion th#.rin 1,1^ * . 

in up to 4 color planes. This nrovidec th. ^'C .VT.^ " pnmoes for optional bit-wise inversion 

may be used to provide plaJconcZZ Sii^i'"'"'™"'^ to CMY ouiy be finalised, or to 
P'V^fJ.^i' conversion is given by the relaHonship: 

• M = 255-G 

• Y-255-B 

pi^ejelad^^^^^ „,quire the page RIP to calculate the RGB from CMY as follows: 

• G-255-M 

• B=255.Y 

23.5 Scaling 

S;S^;;sS:™SSo*^ 

seated by a numerator'^aad a ^^0!^^^;!^ non..nteger scaling with the scale factorSpre- 

should be greater than or equal t:^noS^^ZltT^l,flTT'^ 

the numerator is prognunmed as 5 and the denominSr ^S^S^^ ^ 2 " » 



if (count ♦ denominator - numerator >= O) then 
else 

count = count ♦ denominator 
actvonce = 0 



Doc: SoPEC^haftJware design 
Version: 2,3 



S3 Proprietary Document 



29 Nov 2002 
Page 288 



SoPEC : Hard ware Design 
23.6 Lead-in and lead-out clipping 



i3 



block n belcw) will be the last JPEG bloS tl^e Lrnrinf h k c J^™*^ °^ ^ SoPECs (JPEG 
line printed by'soPEC ,2. Pixc7s1?.L^EG J^^^ 

ately setting the UadOutClioNum Pixel* in thiJmv^Lv^^ I .^^ "® ignored by appropri- 
at the begiiL^g ouJ^S^^nl^^S^Zlt^ f "^^'^ ^oPEC #2 must be ignored 
LeadlnClipNum T^gist^! Start ofeach line is specified by the 

It may also be the case that the CDU writes out moi* iPBi^w^t, • . . 

as shown for SoPEC #2 below. In ^HSS^SS S^r b,^ " ""^'^ '° ^ CPU. 
spond to JPEG block m hatZ^^f^^T^^ °J MaxBlock register in the CDU is set to cone- 
block Thus JPBOlZl.^i^Tt^tiXc^''''^ m the CPU is set to correspond to JPEG 



SoPEC »2 SoPEC «t 
lead-m area ^ iead-out arae 



SoPEC #a 
lead-out area 




SoPEC #1 prints left 
srde of page 



SoPEC #2 prints right 
side of page 



Flgun. 106. Lead-in and lead-out clipping of contone data in muIti-SoPEC envin,„ment 

^n^'rcgisterXi^s of Ze tleL^^ ^T^""' ^^^''^^ ^« 

trols the scaling of the last valid ViS; i^Sf ^ t H W 
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23,7 Implementation 

Figure 107 shows a block diagram of the CFU. 



DRAM Jnterface Unit 



_ Contone 
Decoder Unit 



'64 



deoompressad 
oontone tMiffer 



1 



wr_buff. rd_txiff 



wr_en, r d_en 



^ S^wr_selfl:0].fd_aal[2.'0I 



Y-scaJfng 
oontrol unh 



4 ^4 4- A 



/ 8 



JVCfClgRGB 



Cb Cr 
oofcjT space converter ^ ^ . 

cp^ cp2^ cpl cpO ^^^cofcy-ftege 



58 J'S .^8 ,^8 
^ . ^ T 



13/ T5/ 



15 



configuration 
regfsters 



_i 



% 

i 



output 
doutsle-buffer 



2^ %w_bu«, fd_btfff 



wfLen,rd.en 



E 



i' § ? 1 f i 



3 y's 

i 



1 



UneS ok to mflrt 



contone 
line store 
interface 



X-scafing 
oontrol unit 



"32 



Contone 
RFO Unit 



Halltoiie/Compositor Unit 



□ 



PEP ContFoUer Unit 



Frgure 107. Block diagram of CFU 
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23.7. 1 Definitions of I/O 



13 



Table 101. CFUpoft list and description 



Clocks and reset 




pcu_cfu_sel 



pcu_rwn 



pcu_acfr(6:2J 



Pcu_dataoulf31:0J 



clu_pcu_idy 



<rf",J>cu_data{31:0| 



DIU Interface 



cfu_dtu_rreq 



cWuLcfu_rack 



ctu^diu_radrt21:5] 



diu.du^rvaiid 



diu_dataf63.-0J 



CDU Interface 



odu_ciu_wradv80ne 



, cfu_jcdu_rded vline 



HCU interface 



licu_cfu_advdot 



cfu_hcu_avail 



cfu^hcu_c0data[7:0] 



cfti^hcu^cl data[7X)] 



c>u^hcu_c2data[7:0j 
cy"-.hcu_c3dataf7:0j 



32 



32 



In 



in 



Jn 



Out 



Out 



Bto<* 8eje« from the PCU. When pccccftcse/is high both 
pe^,adf and pcu_dataout are valid. 



Common read/not^write srgnai from the PCU. 



PCU aodress bus. Only S bits are required to decode the" 
address space for this block. 



Shared write data bus from the PCU. 



m^^tS S ^''''^ Cfu-Pcu^nfy Is high it Indicates 

pc^ cfateoof has been registered by the block and for a read 
cyde this means the data on cftj ,pcu_dam is valid. 



Read data bus to the PCU. 



17 



Out 



In 



64 



Out 
In 



CFU read request, active high. A read request must be acoom- 
pamed by a valid read address. « 



Acknowtedge from DIU. active high, indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus. cfu mujradr. 



In 



CFU read address. 17 bits wide (256-bit aligned word). 



Read data valid, active high. Indicates that valkl read data Is" 
now on the read data bus, c/ju_data. 



Read data ftom ORAM. 



In 



Out 



^f^l Sfine pulse, active high. Indicates that the COU has fin- 
»shed writing to 8 lines of decompressed contone data to the dr- 
oiter buffer in DRAM and the data is available to be read by the 



^^J! «ne pulse, active high, indicates that the CFU has finished 
reading a line of decompressed contone data to the circular 
buffer in DRAI^ and that Bne off the buffer Is now free 



In 



Out 



Out 



Out 



rnforms the CFU that the HCU has captured the pixel data on 
<:Aj^hcu^c(0-31data lines and the CFU can now place the next 
pixel on tJie data lines. 



Indicates valid data present on cftj,hcu,c(Q-3]data fines. 



Pixel of data In contone plane 0. 



I^xelofdata in contone plane 1 . 
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23.7.2 Configuration registers 

IstSrHr""'*!" programmed via the PCU interface. Refer to section 21 8 2 on 



Table 102. CFU registers 




Setup registers 



QxO 



Writing 1 to this register starts the CFU. Writing o to this 
register hate the CFU. 

When Go is deasserted the state-*nachfnes go to tfieir 
Idle states but all counters and configuration registers 
keep their values. 

When Go is asserted all counters are reset, imt configu 
ration registers keep their values (I.e. they don't ael 
reset). 

The CFU must be started before the CDU is started. 
This register can be read to determine If the CFU is run 
ning 

(1 ■ ninning. O > stopped). 



0x10 
0x14 



0x18 



OxIC 



0x20 



MaxBtock 



BuffStartAdr 



13 



IS 



BuffEndAdr 



4UneOffset 



15 



13 



YCrCb2RGB 



0x000 



0x0000 



0x0000 



0x0000 



0x0 



Number of JPEG MCUs (or JPEG bkKk eqt^ents. i.e 
8x8 bytes) In a Dne- 1. 



Points to the start of the decompressed contone circular 
buffer In DRAM. aUgned to a half JPEG Wock boundary 
A hatf JPEG block consists of 4 words of 258-bfts 
enough to hokJ 32 contone pixels In 4 colors, l.e. half a 
JPEG block. 



Points to the end of the decompressed contone circular 
buffer in ORAM, afigned to a hatf JPEG Wock boundary 
(address is inclusive). 

A half JPEG block consists of 4 words of 256*bits, 
enough to hold 32 contone pixels in 4 colors. I.e. half a 
JPEG btock. 



Defines the offset between the start of one 4 tine store to 
the start of the next 4 line store. In Rgure 108 on 
page 294, if eufSte/Mrfrcon-esponds to Une 0 block 0 
then BuffStartAdr -i- 4UneOf^0t corresponds to line 4 
block 0. 

This register Is required in addition to MaxBiockas the 
number of JPEG blocks In a line required by the CFU 
may be different from the number of JPEG t>locks in a 
line written by the CDU. 



Set this bit to enable conversion from YCrCb to RGB. 
Should not be changed between bands. 
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Table 102. CFU registers 




0x28 



0x30 



0x34 



0x38 



0x3C 



0x40 



0x44 



HcuUneLength 



LeadlnQipNum 



LeadOutClfpNum 



XstartCount 



XscaleNum 



XscaleDenom 



YscaleNum 



YscafeDenom 



0x0000 



0x0 



0x0 



0x00 



0x01 



0x01 
0x01 



0x01 



Set these bits to perform bit-wise inversion on a per color 
plane basis. 

bitO - 1 (nvert color plane 0 

- 0 do not convert 
bitl - 1 Invert cofor plane 1 

- 0 do not convert 
bit2 - 1 Invert cok)r plane 2 

- 0 do not convert 
bits • 1 invert cofor plane 3 
Should not be changed between bands. 



Number of contone pixels - 1 in a line (after scaling) 
Equals the number of hcu^cfuudotads^ pulses - 1 
received from the HCU lor each line of contone data 



Number of contone pixels to be ignored at the start of a 
ine (from JPEG block 0 in a irne). They are not passed to 
the output buffer to be scaled in the X direction 



Number of contone pixels to be Ignored at the end of a 
line (from JPEG block MfaxBtockin a Hne). TTiey are not 
passed to the output buffer to be scaled In the X direc- 
tion. 



Value to be k>aded at the start of every flne into the coun- 
ter used for scaling in the X dlre<^. Used to control the 
scaRng of the first pixel in a Une to be sent to the HCU 
This value will typically be zero, except in the case where 
a number of dots are clipped on the lead In to a line 



Numerator of contone scale ISactor in X direction. 



Denominator of contone scale tatitor In X direction. 



Numerator of coritone scale factor In Y direction. 



Denominator of contone scale factor in Y directk>n. 



23.7.3 



Storage of decompressed contone data in ORAM 

The CFU reads decompressed contone data from DRAM in single 256-bit accesses JPEO W«rW «f 
decompressed contone data are stored in DRAM with the memorv a^nt^™ accesses. JPEG blocks of 

256.bit DRAM access. nmuxcx^tu reads 64-bits in 4 colors from a single Ime m each 



Doc: SoPEC^hardware^design 
Version: 2,3 



S3 Proprietary Document 



29 Nov 2002 
Page 293 



SoPEC : Hardware Design 



4ltne 
store 



ORAM wQiidp 
ORAM word fK4 



DHAM 



DRAM ntford p+4n 
— DRAMwordq 
ORAM word 



4nne 
store 



ORAM %roid q+4n 



JPEGbtockO 
lines 0 to 3 



JPEG block 1 
lines 0 to 3 



JPEG block n 



JPEQ block o 
Ones4io7 



JPEGbtocki 
fine54to7 



JPEQbfockn 
line$4to7 



255 191 



127 



C3^0 1 


C2L0 f 


CILO 1 


COLo] 


03^1 1 


C2L1 1 


C1L1 1 


C0L1 I 


C3^ 1 




C1L2 1 


C0L2 j 




-C2UJ. 


.C1L3 1 





word p 
wordrna 



255 



191 



C3l,4j_C2L4i CIIa; 


JSfiU 


C3^5 1 C2LS 1 ClLfi • 


COLS 


C3i.6 1 C2L6 1 CI I A 1 


coi^ 


C3^7 1 C2L7 1 C1L7 1 


C0L7 



word q 
word q>1 
wordq+2 
word q+3 



ImpDesono 256 bit read ofavwdkiDRAM 



CX.Cok>rX 

ly - Une Y or 8 bytes of a line in a JPEG block 



Ffgure 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 

sequence, as shown in Figure 1 08, is 



The CFU reads data line at a time in 4 colors from DRAM The read 
as follows: 



line 0, block 0 in word p of DRAM 
lino 0, block 1 in word p+4 of DRAM 

line 0, block n in word p+4n of ORAM 

(repeat to read line a number of times according 

line 1, block 0 in word p+1 of ORAM 
line 1, block 1 
etc 



to scale factor) 



in word p+5 of DRAM 



23.7.4 



I ^""^''^^ in up to 4 colors a Y scale factor number of times from DRAM before it 

Decompressed contone buffer 

ftlte i^ou^'^lr^r^^^ ^'"^ ' '^^^^ "^^'"^^ ^ ^-'^^ -^or.g. of 2 X 256 bits 

at Its mput. The CFU receives the data from the DIU over 4 clock cvc1i-q rli Kifc r.f A- i , 

converter. In reality, each buffer is actually implemented as a double-buffer of 2 x 64.bits wide 

to">t%^{^cS t^^^^^ '"^f '"^'^ double-buffer that writes are to occur 

lo. wr^sel selects which double-buffer to wnte the 64 bits of data to when vi^^en is asserted. 
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Si 



23.7,5 Y«scalfng control unit 

DRAM in single 256-bit accesses. tcSg Si S ^i,^n r'**""'*'""'"'' data is read from 
The protocol and tinung for read ^^^0^^^^^^°"" ' '^'""'^ ^^"^''^ '^-le)- 
accesses to DRAM are implemented by of^tl^e^f^ '"f^"^ ^''■^■^ 208. Reai 

An. •"«n5 oi ine state machine descnbed in Fieure 1 00 

All counters and flags should be cleared after reset Wh«n r ,^ ^ 

should take their initial value. WhUe the S W^t^f^f ^""^ « *° ' ^^^^ and flags 

f«#.o*_/c,_Hr/ye flags to tell it wheSTto atTlnt ? '""^ /«e«_oUo.«arf a^d 

When lu,eS_ok_^_^ is 0 the st^e n^S i^^^^^^^-^^'^^ 

that writes are to occur to. ^"^^ •''U'^r.A^^^ for the currem bul^^ 

^■^-^^-^-"^^ equals -buJLavailfwr bum Wbea A iv,- ^ k.^ i • 

IS set. and w-_6„jris inverted. WheneveT rff cA ^Jw " f ''"^ buffi<^''ilf^ buff] 

-'^^^^X^^^^^Z^Mti:^''^^ asserted to write ti;c<^S 

^ii^^^::;Sb»'^*rf^;:?^^^^^^^ 

rd_en and r<Oe/ gets incrementedTo poinUo &e S Jl '? ^^'^ asserting 

m|te the data to the output double-bJff« 5 2e Sl^«„^-'^t ^'^ cycle to 

bin and«C.« is asserted. 5„^_«v«.//>^_^Xt^^ -'-^'^'l-ls 

-"^XXT^7:^5^°™--^^^^ factor, before the CPU moves 

direction is thus performed. '^^^^ contone data. Scaling to the printhead resolution in the Y 

// «faisn read address output to DRAM 

" ir"v^_rir^J..":r/-----— ^ -^—e- -^-r eac o«.. road access 

" ^?^T/o a Xi„o oe contono . 

// Check whether to advance to next lin« r.^ ' 

If (y-Scale_count ^ y scale denn^ ? contone data in DRAM 

y--ale.count . JS;.^^^^^^ ^> ^^^n 

pulse RdAdvline - ♦ y.scale^denom - y^scale^num 

if (line 31 th^n /y ^ 

- // end o. reading 4 line store of contone da.a 
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line 



curr_h«lfblocJc = buf f_etart_adr 
line_sc«rt_adr =. buf f_start_adr 

else "* 

curr_halfbloc)c . line_start_«dr ♦ 4Une offset 

l.n«_st-rt.adr = li„e_start_adr * ^in:::!':^ 

else 
line 

curr_halfblock = line^start adr 

else ~ 

// re-read current line from DRAM 

curr^r^?^/ y-«cale^count . y.scale.denom 
curr_iialfl>loc)c = line^start adr 
else " 

block 

curr_half block 
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cai.diii.rraq » o 



cfu_d{u_rreq a o 

wr_8el te 0 
wr_acfv_biiffBO 

{reset J 



< 



idle 



c 



3 



i-dluLrreq s 0 
wr^seioo 



req 



c 



> 



ftjfff ofc fft WCftfl 
w_adv.buff a 0 



ack 



c 



3 



cfuLdhi^rreq « o 
wr.sef oo 
wr_a(V.buff«0 



readl 



3 



_ eq. 
wr_set B 0 
wr_acfv_buff . 



I <^ rV ffHd te» 1 AMD 

cfu^diu.rreq «s 0 
I wr.sel « 3 

wr.adv_buff a 1 



read2 



3 



wr,advjbuff = o 



reads 



c 



3 



cfu_dlt/_iTeq = o 
wr_seJs2 
wr_adv_buff O 



read4 



> 
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23.7.6 Contone line store interface 

The contone line store mieifice mJSZZHlZ^/T^ "' *"» ime-at-a-ttae 

DRAM when&e CDU has written 8 coSe^L ofllln^ .^^^."^^ ""'^ '^8^ *° fro"" 
Imes. it sends an Wv*// to^l S S 2^ f *^ ^^''^ ^'^^ 8 

CFU may continue reading from DRAM as long^ S^h!^ • V' by 8. The 

setwWleA«jf_««c._av«//isgreaterXm^O C^ft^^^ 

from DRAM, the Y-scaling S^^^ilTi^^r!^'^^'''''}^ ^'^"^ '^'^S « of contone data 
CDU to free up the line inL bSerTo^ ^^n^."^ '"O 
v///iepulse. wmi^KAM. *«iK-«ner_«w«/ is decremented by 1 on receiving a 

23.7.7 Color Space Converter (CSC) 

RGB. lfYCrCb2RGB^uZ7S^^^^^'l^:i° *e conversion step from YCr^^ 

second stage. The 4th c?lTpL7irD^ hJ^! P"*^'' ^ P«»ed to the 

latency of the convert YcSb to^GB bS^^iJ* TT^ l^*^ '° Note that the 

plane as it bypasses the block! ^ ^ equalized for the 4th color 

s:^io^nC?p»^-^^^ 
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Figure 110 shows a block diagram of the color 



space converter. 



color space 

^wAm 



Cr 



Cb 




^ i f) ^ 

.1 — 7^ 1 



I >f iA — 



* cpO 



■>cpl 



>cp3 



YCfCb2RGB 



invBftjcofaf_plafte 



Figure 110. Block diagmm of color apace converter 

version is implemented as follows- accuracy is maintained with 18 bits. The con- 

• R*-Y + (359/256XCr-128) 

• *5'-Y.(183/256XCr-I28)-(88/256XCb.l28) 

• B* = V + (454/236XCb-128) 

a zero input gives output RGB =» [0^ 136^ 0^1. 

X-scaling control unit 

J^SS^tTn^l'^^'j^S^'tt^^^^^^ colorspace converter and the HCU. The 

the mechanism for keeping track oftte^L rLT^ZSt^T" 'T" ^"^"^ P^^^ 
read from untU it has been written to. * « buffer cannot be 

that writes are to occur to. to occur from, and a single bit iwr_buff) for the current buffer 

-Muv 15 I , i^eis m the lead-in and lead-out areas are 



K -179 is saturated to 0 

2. 135.5, with rounding becomes 136. 

3. -227 is sanirated to 0 
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if (wradv i) then 

P^etcL^r/o then 
else 

Pixel_count ++ 
if ( (Pixel^count < leadin_clip_ni«n) 

OR (pixel^counc > ({max block hii i \ , ^ 
wr_en = 0 » t™«-.oiock.blll> - leadout_clip^numJ ) ) then 

else 

vrr_en *= l 

the next pixel on the data lines. °° hnes and the CFU can n«w place 

f oSSr^rH??at"SrJ^^^^^ Hn^cslnU^eXdl^ticntop^auce 
algorithm for non-integer scaling is^SSedTS n«^^ " •mplemented by pixel replication. TT.c 
loaded with x^tart_count after «set tfJTthe end of ^^f^-S! '-^<^^-^"ru should be 

firstpixelisscaledby.A^, line te«rtA^d1«^^ I,^ ^"""^^ 
line that is sent to the HCU is s^Sy '^-'^-^o''^ control the amount by which the last pixel In a 



if (hcu_cfu_<lota(lv =3 1) then 



X_scale_eount - x scala ^^^fle-n™ >- 0) than 



else 
else 

X^scale.count = X_scale_count 
rd_en = 0 



When a p^^ cleared, and „._*„^is inverted. 

received, then a pulse is genrated^'orrent tl^-l^^^^ * hcu_c/u_dotadv pulse is 

reset to 0 and x_.<:a/e_L« is foSwlSS^^^r^ " °' ^'^^ ''-'--^ is 
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24 Lossless Bi-level Decoder (LBD) 



24.1 Overview 



pass-through mode is provided for 1 iZm^^^^ ratio if the requested DRAM access is available. A 
50:1. Lossless bi-level com^to^L^TTavir'''''^' '''^ 

which compress poorly. ^ " " """^^^ P^*^ « ^0:1 with 10:1 possible for pages 

uniO for the next st«gc in-the pSpbel^e^ rTn T '"P"' *° (Halftoner/Compositor 
is used by the PCU ^ is avaSIS^ S^fnt^^,^^^^^ 



ORAM 
Intertace Unit 



PCU 


4 




LBO 







Spot FIFO 
Unit 



HCU 



24.2 



Figure 111. High level Mock diagram of LBO in context 

Main features of lbd 

Figure 1 12 shows a schonatic outline of the LBD and SFU. 

TTie LBD is required to support compressed images ofuo to Ron If ... 
B..^.m.gesof up to 1.00dpi. feline bu^e^.mJ5,L^^^^^^^ 

Sp/c S i;.^.^^^^^^^^ capability is retained for 

PECl LDB outputs 16 bits in parallel to Se PEolLS SS- ""^^ ' '^^^^^i'^'*- 

the LBD in SoPEC can run ni^ch fasteTtha^ ™f i f If ^''^^<=- '^'^^^rc 

processing latency, to be absorbed. ^ ^^V^d. This is usefid for allowing stalls. e.g. due to band 

^^^ZteX::^ ?^V^r'^:'^ --P--- --o^Sh mode is acti. 

g-nmed number of bits. ^Sc^ l^l^^^i^e Sd^r^^^ ""^ '"^^ P^'^"- 

length code. foUowed by pass through. ^ nm-length code is always executed as a run- 

s^LTd^^.i^'Sl^'i^^^^ ^ Unit (SFU). TMs 

lines up to a programmable nlb^Ii^ -Jh^SpU'TX "Si"" ^'"^^ '"'^^^y 3 
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A signal sfujdb_rdy indicates that both the SF1I'« i>i^ti crcx* , ^ 

writing and reading, respectively. ^ ' NextLtneFIFO and PrevLineFIFO art available for 

Kbytts of Moog,. l-Jiaytts of aorage. A« A3 line of IMM <toK 2.4 

n. LED «n.sh=. b™, „^ i, «^ „ ^ i, .*«„™„, ...i^,,. „ ^ 



All FIFOs are 64 bytes 
(twice the ORAM data 
word ividth) 




rrr— 3 


1 

f 


HCU ■ 1 



Figure 112. Schematic outline of the LBD and the SFU 



Doc: SoPEC^hardware design 
Version: 2.3 



S3 Proprfetary Document 



29 Nov 2002 
Page 302 



24.2.1 



Bi.|evel Decoding In the LBD 



Table 



^"^'^ compassi on encodings 




number of bits, whichever is shorter ITieloeciarnm i ! " Pre-prog«ammed 

followed by pass Onough. The ^'^Tc^^.Tj^TZr^ " ' -L^S.' 
than or equal to 3 1 . ^ ^ ^® *^ * medium length nm-length with a run of less 

Table 




£ a 

II 
51 



RRRRRRRRIO 
RRRRRRRRRRRRflBRQQ 



RRRRRRRRRRRRQRROQ 



Medium Blade Runlength with RRRRRRRrrr 3," 



Medium White Runlength with RRRRRRRr , 
Enter pass through 



U)ng Black Runlength (IS bits) 



j-ong White Runlength (15 bits) 



the nght to most significant bit at the left). are read m the same way (least significant bit at 

pass the data to the LBD as un-compre^d IrptH ?" ^°"1<J ^ ^a^ier to 

mented in the FECI version of the LBD^^ ^e Sot'ilf l"^ i^P'^" 

the data stream is an un-compressed bit. Sifi! is^;^ ^L^^^ 
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24.2.2 



Uie coding scheme of Table m ft isS ?ega T^^^'Tr^:^- ^ " ^''"^^ However under 
been designed so that ifashortninlen^v2uei?dStei^'^^^^^ "^^^ '^'^ ^as 

command containing this nmlength ifd^d^ coSS.v —.T T^u''^ """^ ''^'izontal 

DRAM Access Requirements 

Table 105. DRAM bandwidth requirements 



Direction 



Read 



Maximum number of 
cycles bet%veen each 
?564)ft DRAM access 



256^ (1:1 compresston) 



Pteak Bandwidth 
(bltsA^yde) 



1 (t:1 compression) 



Average Bandwidth 
(bfta/cycia) 



. ji ^ V. »uv:ioo 

1. A. 1:1 comprc«.on the LBD requires I bit/cycle or 256 bits cvely 256 cycle,. 



0«1 (10:1 oompresston) 
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24.3 Implementation 



24.3.1 Definitions of iO 



Table 106. LBO Port Ust 



Clocks and Resets 



pcflc 



prst_n 



Bandstorp signals 

odu_endofban<fstore(2l ;5J 



tn 



In 



SoPEC Functtonal dock. 



Global reset signal. 



cdu_startotbandstore[21 :5j 



Ibd^frntshedband 
DIU Interface signals 



17 



17 



In 



Out 



Address of the end of the current band of data. 
25$-tot word affgned DRAM address. 



256-bit word aligned DRAM address. 



Ibd_dfu_rreq 



LBD finished band signal to PCU and Interrupt Controlter 



Ibd_diu_radfl21:53 



diu^ftxLrack 



diu.data(63.<»J 



17 



64 



diu_lbd_rvalid 



PCU Interface data and controi signals 



Out 



Out 



In 



In 



In 



panled by a vaikf read address. u^aocum- 
Read address to DJU 
1 7 bits wide (256-bit afigned word). 



^^iowl^^ from DIU that read request has been" 
accepted and new read address can be placed on 
ioa_atu_fadr. 



Data from DIU to SoPEC Units. 
Hrst 64-bits is bits 63:0 of 256 bit word 
Se^d 64-bits is bits 127:64 of 256 bit word 
^tfd 64-bits is bits 1 91 :128 of 256 bit word 
Rourth 64-blt3 la bits 256:192 of 256 bit word 



pcu_addr{5:2J 



pcu_dataout(31:OJ 



pcu^iwn 



pcujbd_sel 



In 



^ fiead data bus from the I.BD to the PCU. 



In 



rSl!'''*'^ ^"^ '^^^^ to decode the 

address space for this block. 



Common read/not-write signal from the PCU. 



^a^t^n^"" f^-^^^sef ls high both" 

pcu,adcfrand pcu^dataout are valid. 



^^^th^tet!^^ "^i^* /^^../i/y is high it in-^^ 
Gates the last cyde of the access. For a write cycie this 

SrTrL'S^'?^?^^^ '^'^'^ by the Wodc and 
tor a read cyde this means the data on Uxijpcu datain is 



jhd^sfu^advll ne 
Ibd^sfu^pladvwoid 



Out 



Out 



n^f^.®'^^ ^n<iJcating SFU has prevtous line data 
available for reading and is also ready to be written 



Advance line signal to previous and next line bu^ 



Advance word signal for previous line buffer 



Doc: SoPEChardware^design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 305 



SoPEC : Hardware Design 



TaWe106.LBOPOrtUst 



J3 
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24.3.2 Configuration Registers 

Table 107. LBD Configuration Registers 



J3 



Control registers 



0x00 



0x0 



A write to this register causes a reset of 
the LBO. 

Thfs register can be read to indicate the 
reset state: 

0 - reset In progress 

1 - reset not in progress 



Writing 1 to this register starts the LBD 
Wrttfng 0 to this register halts the LBD. 
The Go register is reset to 0 by the i-BD 
when it finishes processing a band. 
When Go is deasserted the state- 
machines go to their idle states but aJi 
counters and configuration registers keep 
their values. 

When Go is asserted atl counters are 
reset, but configuration registers keep their 
values (i.e. they don*t get reset). 
The LBD shouid only be started after the 
SRJ is started. 

This register can be read to detennine If 
the LBD Is njnning 
(1 - running, Q - stopped). 



OxOC 



0x10 



UneLength 
PassThrough Enable 



PassThroughDotLength 



0x0000 



0x1 



0x0000 



Width of expanded bi-level line (In dots) 
(must be a multi ple of 16 bits). 

Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatibiewlth PEC1. 



Number of dots for which pass-through 
nxxfe wrfl last. If the end of the line is 
reached first then passthrough will be disa- 
bled. 



0x18 



NextBandCurrReadAdr(2l :5J 
(25e-bit aligned DRAM address) 



NextBandUnesRemaining 



17 



15 



0x0000 Shadow register which Is copied to 
I AGo — O). 
NextBandCunf^eadAdr\s the address of 
the start of the next band of compressed 
bi-levei data In ORAM. 



0x0000 



Shadow register which is copied to Unes- 
Remaining when (NextBandEnable 1 & 
Go^Q), 

NextBandUnQsRamaining ls the number of 
«nes to be decoded in the next band of 
compressed bMevel data. 
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Table 107, LBD Configuration Registers 




NextBandPrevUneSouice 



Work registers (read only for external access) 



0x0 



0x0 



Shadow register which is copied to Prev- 
UneSource when (Next8and£nabte = f 

1 - use the previous line read from the SFU 
fer decoding the first line at the start of the 
next band. 

0 - Ignore the previous line read from the 
SFU for decoding the first fine at the start 
of the next band (an all O's line is used 
instead). 

If (NextBandEnaOe^ 1 & Go O) then 
'MxtBandCunReadAdrte copied to 
CunReadAdr, 

't^foxtBandUnesRemaining Is copied 
to UnesRema/ning, 
'NextBandPmvUneSource is copied 
to PreivUnoSotirce, 
-Go is set 

-NextBandBnable is cleared. 
To start LBD processing NextBancfEnable 
should be set 



1 0X24 


CurrReadAdrf 21 .-5] 

(2S6Hiit aligned DRAM actress) 


17 




The current 256-bit aligned read address 
within the compressed bHevel image 
(DRAM address). Read only register. 




0x28 
Qx2C 


UnesRematning 


15 




Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0, Read only register. 






PrevLineSource 


1 




1 - uses the previous line read from the 
SFU for decoding the first line at the start 
of the next band. 

0 - ignores the previous iine read from the 
SFU for decoding the first line at the start 
of the next band (an all O's fine is used 
instead). 

Read only register. 




0x30 
0x34 


CurrWritoAdr 


15 




The cunent dot position Ibr writing to the 
SFU. Read only register. 






FirstUneOBand 


1 




Indicates whether the current line is con- 
sidered to be the first line of the band. 





24.3.3 



Starting the LBD between bands 

The LBD's^,e.^7:;,.::i:i^^^ » <->^^ of how many lines to decode, 

and then stops. cle^g^^CF^ bf iSrn^!. f "^l"^ ^"^^ * band 

for the next Ld, 3 ie Scu „Sf! °" '"""-^f^f^-^- The LBD can then be Started 

u. we Ht-U continues to process previously decoded bi-leve! data from the SFU 
There are 4 mechanisms for restarting the LBD between bands: 
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LBD restarts immediately. ' ^^^"'"^'^bte is already set so the 

tage of this scheme is that the ifS^J^^^Sf^''''' ^^^^ ""^^ ^van- 

commands in DRAM ready for ex^^W " "^'^ 

AThis is a combination of 6 and c above The pri i r^*\.^^ ♦u- *l y-ir»* t . . . 

San^nai" for^ni;; b^d "^istcrs and sets 
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24.3.4 Top-level Description 

A block diagram of the LBD is shown in Figure 1 13. 




locstoss bl«loveJ 
decoder unit 



^pass_through_doLtength 
_pass_throtigh_eoable 



prav^lfne.scmrce 



Hegtsterand 



fines^remainmg 



Bne_length 



JW^fiflishedband 



^5 aO ^ 


Next Edge 




Unit 



Ibdj 



Shi, 



_Sftj_U d_ffy 



datavaDd 



4£ 



l^id6,< 



End of Band 
Unit 



sftrpladvwor^ 



Ibd^pldata 



.advline 



Itadusfu^wdi 



wdatavalic 



Previous 
Line Buffer 



Spot RFC 



Next 
Line Buffier 



Figure 113. Block diagram of lossless bMevel decoder 

The LBD contains the following sub-blocks: 
Table 108. Functional sub^locks In the LBD 







Registers and 
Resets 


^CU u,»riaw ana oonnoumtlon registers. Also genemtes the Goand the 
Aeser signals for the rest of the LBD -B-wanome 


Stream Decoder 


AeeeMestte bMevel descripfion from the DRAM through the DIU Inter- 
face. It decodes the bit stream Into a command «»ith argumente^ wWrt « 
then passes to the command controller. yumenw, wnicn it 


Connmand ControUer 


Interprets the command from the stream decoder and provide the iina fin 

N^^r^nl^^S , "at? 

provides the next edge unrt starling address to look (or the next edop 


Next Edge Unit 


Scans mrough the Previoi« Une Buffer using Its current address to find 
the next edge of a color provided by the convnand oontroller The n«rt 
edgeum, outputs this as the next current address back to So com^ 
controller and sets a valid bit when this address is at the next eTe 


Line nil Unit 


rnn'T' ^ « ^ «"«nt address up t^; a 
«m,t address. The color and limit are provided by the command^C? 
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■ SfS-: Si:SSe7'°'^ — '^-•^e ""e but writes this data into the 

Naming of signals and logical blocks are taken from [18]. 
The LBD is able to stall mid-line should the <?Pn iw ..««Ki^ . , 

line frame due to band processing ° ""PP'^ * P"^^"' " ""'ive a current 

24.3.S Roisters and Resets »ub*l<H*(lMcrlptlon 

LED ignore ^ ^ t^'^^^^^^^^^-^t^^ " 

pressed data stream. requesnng data from the DIU and commence decoding of the com- 

24.3.6 Stream Decoder Sub-block Description 

«» «mro ^ c»«Md byS, b^i TJ,'«^i""* "e'""r'?"«-l'i'"<«<'ft°0>lli=FIFO»fiU«p 
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A <ktaflow block diagnim of the stream decoder is shown in Figure 1 14. 



DRAM Interface UnH I 

^ ? r— ' 



Stream Decoder 



64 



state 
machine 



64 



RFO 
>^ Locations 



2A 



4— 



64-ba Barof Shift Register j 



SdAcc SdVaUd 




EndOfBaixJSlore 



StartOfBandStofB 



r 



1 



/'IS 



Command ControOar 



Frguro 114. Stream decoder block diagram 
24.3.6. 1 OecoaeC - Decode Command 

The DecodeC logic encodes the command from bit« fi n ^r*u^ w 

mands: fE/?r/C4i and RUNLE/^m T^J^ 6-0 of the bit stream to ouq,ut one of three corn- 
consumed, which feeds back to^^f^kl^'^''"^"' "° '^'^'^'^ ^''^ """^ bits were 

as a medium nmlength this teU the Stream S.^JS^Sf?.^'^' f *^ ^ ' ' 

length is decoded completely the LBD^«?SS ISS?^ 7°r^, containing this run- 

be a number of bits that reprient un-co^SSSJf LRn "^.t "^^^th there will 

all these bits have been dS^led succtSTSS" nn-'T ^^f -THROUGH mode until 
or the line ends, which ever comes fi^ """^ * P"8«™ned nmnber of bits is reached 

24.3.6.2 DecodeD - Decode Delta 

The Z)ecorfe/> logic decodes the run length from bite 20 InfA^k;*^ 

tical command, it wiU cause DecodeD to puu^.Z.te of /thr ^^I>-codeC is decoding a ver- 

15 bit number, which is generally coJ^^S^Tlt ? ^ °° "^^ °"*P>« ''^^^^ « 

P^^^ '^^> ^ 2 s compiement representation of -3,-2,- 
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iwil^woric correctly for the data pipeline that follows. This unit also outputs how many bits wete coa- 

SSs*'s S Lif J?m ? T"^"' ''^^'^^ '«P--« un-compressed data and 

tms IS us«l by the Line Fill Unit to construct the current line frame. DecodeD parses the bits at oneWt 
dock cycle and passes the bit in the less significant bit location of delia to fte Eltdt 



24.3.5.3 State-machine 



The RUNLENGTH command has two different nm tu- - 

fetch from the command controller another Rlimpi^r^^ Jl • ^" ^^'^ ^^'"^ mstruction 

24,3*7 Command ControPfer Sub-block Description 

.i..c'ssi°ti::?is'^'?drtLe^^;ri^^ '^^^ ^^'^ »^ 

nSi" « shown in Figure 115. Note that data names such as 

S2c^d^eS«^S.TS T ^2 """T changing element on the 
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24.3.7.1 State machine 



Figure 115, Command controller block diagram 



Tlxe following is an explanation of all the states that the state 
« START 

«" AWAITJUFFER 

state When the state machincT^t^aSSteS^S TuZ!!gLTT'''' ^""^ '° '^''^^ 
mand controller can proceed to the PARSE sta^ NEUJtUNNING state. Once this occurs the corn- 

ea PAUSEjCC 

During the decode of a line it is possible for the FIFO in th^ ctr^«^ a a . 

DRAM is not able to supply replacement datTLi^^^ *° i*"** 

due to band proc^^x^X^nT^l^S ^t^^T^ Adchtionally the SFU can also stall mid-line 
decoder gets more ot^^r^J^tZ^l^^^,^ '^'^ P^'^ the stream 

decoder) or if gL to" rotl th^t^^^^^^^^ iSje pX^S^^f 

command controller enters to achieve this and it dZ^nri^ul .1° PAUSE_CC is the state that the 

both asserted and the LBD ca. recor^n^ dll^ '^'^Llf^ ^'^''^ ^ 

iv PARSE 
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When in this state the command controller can receive one of four valid connnands: 
a) Runlength or Horizontal 

misidtrc:;£r, <^ *. .^w or*. ^ „,„ 

Vertical 

c) Skip 

^^/i'Tiste^^t^^'r^^ «>.n.nands but *e color in the curr^t line is not 

^attheconnnandcontroUer^e^S^rrefSo^^^ 

the current color in this case. »««i«tf(0) commands and has been coded not to change 

d) Pass Through 

LBD can recommence no^SmnS^onLT'^.^ ^ '^-der. the 

color as the last bit in ^^^^^^^^^^^ "^'^l mode is the same 

command controller as each p^thro.Src^™.Z;H ^ ^ ^ in the 

cessed in one clock cycle ^ ^"^ '^'^^^^ can always be pro- 

V WAITJ^ORJtUNLENGTH 

clock cycle the command cSler^tL In tt ^iJ^'J^^J^'f RUNLENGTW. After the first 

^^WTT/data has ber«,Xero^ LTed '^^^ ^ the i?£/Ar- 

controller will renun to the pSs^T ""^"^^^ " 'f^" 
vf WAIT_FORJtE 

remains here until the edge feJteS^ S^Ih > '°'*k°"''°"" ^"'""^ '^'^ WAITJ'ORjm state and 

return to the /J4ASE«^ " the command controUer will 
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vii FINISH_JJNE 




24.3.8 



Figure 116. State diagram for the Command Controller (CC) state machine 
Next Edge Unit Sub-block Description 

ffEU operates on 1 eS v^rdf ht^' .k "^ult to construct the cur«nt line. n,e 
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tinue doing this until it finds an edffe or reacheq th*. *u 

C 



Command CorUnDlter 



Line 
Unit 


^ld_id_coJor 







15/ 



y T V 



if 


1 

a' 
o 


15 

vJ 


3/ 

r 



machine 



ooAtnol 
signals 



15' 



Stream Decoder 



15/ 



detect 



prev_Bne_a 



16 



buffer 



jjbuff_idy 



Mext Edge Unit 



^Jbd^pldata 



16 



lbd^sfti_pladvvwofg 
ttxjisfijadvflhe 



SFU 



Figure 117. Next Edge Unrt block diagram 



24.3.B.i NEU Buffer 



oinput IS not registered The current implementation of the SFU takes two clock cvcl« fro™ 3.- 
n^questforacu^ntUne is received until itUreturnedandregistered^^ 
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frame it needs it on the next clock cycle to maintain a decoded rate of 2 bits per clock cycle A more 
detailed diagram of the buffer in the NEU is shown in Figure 1 1 8. ^ 



16 



16 



PLbuflLfdy- 



16 



' sfu_tt>d_p*d3ta 
pLbaflLrdy_dly 



Figure 1 1 8. Next edge unit buffer diagram 

T^e output of ^e buffer are two 16^bit vectors. use^r^Jine^a and use^^ line b that are used to 
detect an edge that .sn^levant to the current line being put togeAeri^ *° 

24.3.8.2 NEU Edge Detect 

The NEC/ Edge Detect block takes the two 16 bit vectors supplied by the buffer and based on the cunent 
Ime posmon m the current line. aO. and the current color, sd^colon it Will detect if thereT^ <il7re^^^ 
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15 



19. 



IT 



use_prev.lina_b 



transitton.wtob 



D r 



ttan5ltior>,fatow 



19. 



color_neu 



19, 



0 1 



7 



19^/ <tecode_b_ext & <i8code.b & FIRST,F LU_WRiTg 




end_frama 



rnaskad^data 



FJguro 1 19. Next edge unJt edge detect diagram 



Doc: SoPEC_hardware_design 
Version: 2.3 



29TTov 2002 
Page 319 



SoPEC : Hardware Design 



Table 109. Decode^b truth tabre 







0000 


1111111111111111 


0001 


1111111111111110 


0010 


1111111111111100 


0011 


1111111111111000 


0100 


1111111111110000 


0101 


1111111111100000 


0110 


1111111111000000 


0111 


1111111110000000 


1000 


1111111100000000 


1001 


1111111000000000 


1010 


1111110000000000 


1011 


1111100000000000 


1100 


1111000000000000 


1101 


1110000000000000 


1110 


1100000000000000 


1111 


1000000000000000 



Table 110. Oecode.b.ext truth table 





M 




Vertical(-3) 


111 


VertIcal(-2) 


111 


VertJcaJ(*1) 


oil 


OTHERS 


001 
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24.3.8.3 £ncode_b_one_hot 

block. aoie 1 i I lists the truth table outlining the fimctionaUy required by this 

I'^jV^' ^"^^g-fa-Pne-hot Truth Table 



xxxxxxxxxxxxxxxx xxi 
xxxxxxxxxxxxx xxxxio 

XXXXXXXXXXXXXXXXlOO 



XXXXXXXXXXXXXXX1000 



XXXXXXXXXXXXXX10000 



XXXXXXXXXXXXX100000 



XXXXXXXXXX XX10Q000O 

xxxxxxxxx?cxtooooooo 



XXXXXXXXXX100000000 



XXXXXXXXX1000000000 



XXXXXXXXIOO OOOOOOQO 
XXXXXXX100000000000 



XXXXXX1000000000QOO 



XXXXX10000000000000 



0000000000000000001 



0000000000000000010 



OOOOOOOO OOOiQOOOOlOO 

oooooooooooooooiocio 



0000000000000010000 



00000000000001 00000 
0000000000001000000 
0000000000010000000 



0000000000100000000 



0000000001000000000 



0000000010 000000000 
0000000100000000000 



0000001000000000000 



XXXX1Q0OOQO0OQ0OO0O 



0000010000000000000 



XXX1O0Q0O0O0O0Q0O0O 



XX10000000000000000 



xioo ooooooooooooooo 

1000000000000000000 



0000000000000000000 



0000100000000000000 



0001000000000000000 



0Q1OO0O00O00O00OO0O 



Q10000QO0O0OOO0OOOO 



100000000000 0000000 

0000000000)00000000 



24.3.8,4 Encode_b_4bit 

^^rTedrlZ'IZnepr^^^^^^ ^^tennines the bit location that 

asserted the bit location in the vector iT^^^^t 7 k fr*^*- ^^'c « a bit 

nu.berisooe.ifbitoneisasserteJ^enS'::^^^^ ' If "'^'^^ 

uiiiucr IS one. etc. The delta applied to the V\^C/dctcnniiics 
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command 



for V(n)blp =^ X n moduluslg 
wnere x is the number that was Av>t-«-A#-i'.»^ k 

cowwmd. extracted from tha -one-hot- vector and n is the 



vertical 



24.3.$.S State machine 




Figure 120. State diagram for the Next Edge Unit (NEU) state machine 

The following is an explanation of all the states that the isfEU state machine utilizes. 

/ NEUJSTART 

controller has ente^d .Vs ^^R^Firl^^^^ '* ^ command 

^ nas emerea it s AWAIT JUFF state. When this occurs the NEU enters the NEUJ'ILL _fiVFF 

U NEU_FILLJ3UFF 

f^'^l^^^^fT^ii^ r "^..^r^ to fill up its buffer with new data ftom the 

iii NEU^HOLD 
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The NEU waits in this state for one 
returns. 



clock cycle while data requested from the SFU on the last access 
iv NEUJIUNNING 

V NEU^EMPTY 

the LBD. "c«scnea. i ms occurs when the end_ofJine signal is detected from 



^^SoP«=.Ha^..<^„ ^.^o^ ^^^^^ 
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24.3.9 



Une Fill Unit sub-block description 



when it has put together a complete le-biX™- .> i Command Controller and 

that the data is va.tibysttobSS;^.!;^^^ 

S?j^2*tj;e"„d^"i^ 

A dataflow block diagram of the line fill imit is shown in Figure 1 19. 



Next 
Unit 



Stream 
Decoder 



c 



command contrrtter 



15, 



ho^d.coloi} 



vmInus_2afo 



command 



delta 



^1 



] 



State 
Machine 



tine flij unit 



15^ 



4 Omtt 



Jftcstate 



color.seLieiJiLII 



16 



16^ 



•Jne.fiiLdata 



^WfK.8fu_wdata 



lbd_sftj_wdata 



^-Sftf.wdatavaid 



Jbd_&ft>,< 



SFU 



Figure 121. Une filf unit block diagiam 
The dataflow above has the following blocks: 

24,3.9,1 State Machine 

The foUowing is an explanation of all the states that the LFU state machine utilizes, 
/ LFUJSTART 
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data to the SFU with the writ/«,»Ki- o- , « ^ " completed the LFU will output the 

Hi LFUjCOMPLBTEJtEG 

to derive the limU ^lor sTf^^S^^^^V^^^^ '^^'^ '"^'^'^ 

is the four lower significaat Wts of «0 »d^o/^ ^^S^*, i^jS TT""' * 




Figure 122. State diagnini for the Line Fill Unit (LFU) state machine 

24.3,9.2 line^filLdata 



if (lfu_5tace == LFU,START) OR (ifu^state == LPU new REGl th«^ 
workusfu_wdata - color^sel.iebit^lf ^^NEW.RSG) then 

else 

worK-.efu.wdataCdS - liiaic) downto limit] = 

color^€l^l6bit_lfr(lS > limit) downto limitj 
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25 Spot FIFO Unit (SFU) 

25.1 OVERVCEW 

HCUBl2!Z^tS^lPj'°'^'^'' "^^^ ^ ^ '^f-^d between the LBD and the 

Se ^Lt/Sf ™f mechanism and controls from both units, the interface is clean b^Cn 

thi ^F?f .ITi. . 7k ^ perfonned in the horizontal and vertical directions bv 

25.2 Main features of the SFU 

The SFU rq>Iaces the Spot Line Buflfer Interface fSLBn in PFri Th-. c«/.mw 

DRAM ""^lAftvc ^.si^oij in rtui. The spot line store is now located in 

tsftf^-^i^^^^^^. «^l^'e for writing and reading For the fast 

that the SFU is available for writiig. 

/6dL^/i/^/arfwH«n/teUstheSFUto^ply^n^S^^^^^ , *° 

4^i_Acu_ava,7signaL ^* *^ therefore stall waiting for the 

X and Y non-integer scaling of the bi-level dot data is performed in the SFU 

^ujt^.t^rrji?s:^^^ 

256 cycles A sin^rle nnr r.s.Ai^^ ,. u . ^""^^^^ ^>'^'^« 1 access every 

oXSi ^ "^""^ '^"^ -^^^"g -"^ent and previous lines fit)m 
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25.3 Bl-LEVEL DRAM MEMORY BUFFER BETWEEN LBD, SFU AND HCU 




high addjress 

^ lbd_nextline_adr 

fbdjarevfine.adr 
hcu.readline.adr 
^ hcu^startreadline_adr 

low address 





high address 



■> lbd_nexHine_adr 



■♦■ hcu_rsadnne_adr 
lbd_prevljne_adr 
hcu_startrea<fline_adr 



low address 



(b) 



CH] Free buffer space 

Riled buffer space accessed by LBD \ntBiface HFOs 
™ed Buffer space read HCU Read Line FIFO 
O ""edBufferspacereadbybothHCUReadUneFIFOandLBDInterfaceFIFOs 

Figure 123. BMevel ORAM buffer 
STL' HC^r^'ll^^L*^^ ^'^'^ ^'^'^^ LED previous line address reading 

The SFU inter&ces to DRAM via flsree FIFOs: 

a. The HCVReadLineFIFO which siqiplics dot data to the HCU. 

b-The LBDNextLineFIFO which writes decompressed bi-level data from the LBD 

<^The LBDPrevLineFIFO which reads previous decompressed bi-Ievel data for the LBD. 

There are four address pointers used to manage the bi-Ievel DRAM buffer: 

^.hcu_readline_adr[21:5] is the read address in DRAM for the HCUReadUneFIFO 
"'^■^^Un^t^FS'-'^ ^ «^ DRAM for the current line being read by 
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25.4 



The address pointers must obey certain rules which imlicate whether they are valid- 

""'^ '''' ^ - the line than 

nfCjufn^alid is initially invalid. lbd^ex,Une_adrpi:5J even though 

f. TTie addn»s pointers can wnv anmd the SI^ bi-level store atea in DRAM 

can be usefi. for absorbing loca. co.np,«iS ^r^^^^^l^^"^^ " ™» 
DRAM ACCESS REQUIREMENTS 

p'^^i'oS'aS'cLSSSSnFS ' •-•"^^ ^ « ««>ared between .he 

Se%rs;:srD'ii^^i^^^^^ 

vious. cunent and next line interliu^ ^^'^'^ for each of its pW- 

The SFU'sDIU bandwidth requirements are sununarized in Table 112. 



Table 112. DRAM bandwidth requli«ments 




: Two separate reads of 1 bit/cycle 
2: Write at 1 bit/cycle. 



25.5 SCALING 



W n=p,««„,ej by . »lm.=n.to?^d .S™^^; '^K""' «<»-ii>Kser scalins wflh the Kale 
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if (count + denominator >= numerator) then 

count = (count ♦ denominator) - numerator 

advance = 1 
else 

count « count ♦ denominator 
advance s 0 

l^tu'Tl^"^ 'i^^^ '"'^f * °f <'°t when the HCU 

^iT^Lc - the number o( hcu_sJu_achdot signals from the HCU Wh« the 

aavance lo me next line of HCU read data dqiending on die programmed Y scale factor. 

An example ofscaling for numerator = 7 and <fe«omj>ujr<3r = 3 i<ifriv^n;,,T,Ki» 111 -rn, • , ^ 

Table 113. NotHnteger scaling example for scaleNum = 7, scaleOenom = 3 









0 


0 


1 


3 


0 


1 


6 


1 


1 


2 


0 


2 


5 


1 


2 


1 


0 


3 


4 


1 


3 


0 


0 


4 


3 


0 


4 


6 


1 


4 


2 


0 


5 



25.6 Lead-in and leao<out cupping 

L^"^^ ^""^ ^. SoPEC devices, each generating its own portion of a dot- 

SoPE? -SfdS wTlli r r •'V?"'^^ *^ ^o'-l scale-factor numh^Tof times by an in^^Zl 

,>c L ? ^ f . scaled-up correcay vdth both devices doing part of the scaling one^ 

i^d-om ^d Ae oaer on ts lead m. Scaled up dots on the lead-out. i.e. whifh go beyond ShcSI" 

^^iot'^''^' '^^-^ ^ ^ « -trolled by 

At the start of each Unecounr in the pseudo-code above is set to J&rarra)««/ If there is no lead in ^cmr, 

^Zt^^olitJt'^r'''' "'T"' '''''' ' tt^^^:^rco^;'^':^; 

sec lo tiic appropnate value of count in the sequence above. w oc 
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25.7 Interfaces between LDB, SFU and HCU 



DIU 



LBO 



lbd_sfu_piac /word 



ft>d_$riuadv no 



bol_sfu_wd; ta 16^ 



lbd_sfu_wct tavaRd 



Ibd_sfu_adv Ine 



J 



1 



OIU Interface 
and 
Address 
Generator 



Previous Una 




Nextune 
FIFO 



Current Une 
FIFO 



SFU 



hcti .sfij_advdoi 





.hcu^sdata 


sfu. 


hcu^avall ^ 



HCU 



previous 



Rgure 124, Interfaces between LBOySFU/HCU 

25,7.1 LDB«SFU internees 

25.7.1.1 LBDNextLineFIFO Interface 

^^^^^J^^^f^O interface from the LED to the SFU comprises the following signals- 

• /afL.j/i/.wrtoa, 16-bit write data. a e - 

• lbd_sJU_wdatavalii write data valid. 

• ^-■?/5<-,«</v/i>ie, signal indicating LDB has advanced to 

25.7.1.2 LBDPrevUneFtFO interface 

from the SFU to the LED comprises the following signals: 

• sfii^lbd^pldata, 16-bit data. 

The pr^ious line read buffer interface from the LED to the SOU comprises the following signals: 
Ibdjsjujpladvword, signal mdicating to the SFU to supply the next 16-bit word. 

• Ibd^Ju^advline. signal indicating LDB has advanced to the next line. 
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Previous line data is not supplied until after the first Ibdjsju^advline strobe from the LBD (zero data is 
supplied instead). The LBD should not assert Ibd^/u^iadvword unless sfiijbd^rdy is asseited, 

25. 7. 1 3 Common Controf Signals 

sfii Jdb^rdy indicates to the LBD that the SFU is available for writing. After the first Ibd^Ju^advline and 
before the number of Ibdjsfii^ladvword strobes received is equivalent to the LBD line length. 
fUdb^dy mdic3Xf,s that the SFU is available for both reading and writing. Thereafter it indicates the 
SFU IS available for writing. 

The LBD should not generate ibd_sJu_pladvword or ibd^^advline strobes until sjujdb_rdy is asserted. 

25.7-2 SFU-HCU Current Line FIFO Interface 

The interface from the SFU to the HCU comprises the following signals: 

• sftijicu^sdata, \A>ix6aX&, 

• 1^^-^^^'^' ^ indicating that there is data avaUable in the SFU HCUReadLine- 

The interface from HCU to SFU comprises the following signals: 

• hcu_^_Qdvdot, indicating to the SFU to supply the next dot 

The HCU should not generate the hcujsJu_advdot signal until sJuJicu^avaU is true. The HCU can there- 
fore stall waiting for the sjujicu_avaii signal. 
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25.8 Implementation 

25.8.1 Definitions of lO 



Table 11 4. SFU Port List 









1 ^^locKs ana Heseis 




1 Pdk 




In 


j SoPEC Functional dock. 


J prst_n 




In 


1 Global reset signal. 


1 OiU Read Interface signals 




1 sfu_cUu_rreq 




Out 


SFU requests ORAM read. A read request must be accom- 
panied by a valid read address. 


1 sfu_diu.fadf{21:q 


17 


Out 


Read address to DIU 

1 7 Wts wide (256-bft aligned word). 


1 dhi^sfu.rack 




In 


Acknowledge from OIU that read request has been 
acx^epted and new read address can be placed on 


1 <fiu_dataC63:0] 


64 


In 


Data from DIU to SoPEC Units. 
First 64-bits are bits 63:0 of 256 bit word. 
Second 64-blts are bits 127:64 of 256 bit wool. 
Third 64-Wts are bits 191 :1 28 of 256 bit word. 
Fourth 64-bits are bits 255:192 of 256 bit word. 


1 <fiu.sfu.rvatid 


1 


In 


Signal from OIU telling SoPEC Unit that valid read data is on 
the diu^data bus. 


J DIU Write Interlace signals — 


1 shi_dlu_wreq 


1 


Out 


SFU requests DRAM write. A write request must be accom- 
panied by a valid write address together with valid write data 
and a write vaUd. 


8fu^dtu_wadrt215I 


17 


Out 


Write address to DIU 

1 7 bits wide (256-brt aligned word). 


1 dru_sfu_wack 


1 


In 


Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 
sfit diu wadn 


j sfu_diu_datal63:0] 


64 


Out 


Data from SFU to DIU. 
Rrst 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127«4 of 256 bit word. 
Third 64-bits are bits 1 91 :12a of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit word. 


1 slu_diu_wvalid 


1 


Out 


Signal from PEP Unit indicating that data on sfu diu data is 
vaW. 


PCU Interface data and control signals — - 


pcu.addrtS:2] 


4 


In 


PCU address bus. Only 4 bits are required to decode the 
address space for this block 


[ pcu_daiaout(31:0J 


32 


In 


Shared write data bus from the PCU 


1 8fu.pcu^datain[31:0J 


32 


Out 


Read data bus from the SFU to the PCU 


J pcu_rwn 


1 


in 


Common read/not-write signal from the PCU 


1 pcu_8fu_8el 


1 


In 


Block select from the PCU. When pcu_sfu^sens high both 
pcu^addr and pcujdataout are valid 
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Table 114. SFU Port List 




lbd,8fu_wdata{1 5X)J 



lbd.8fu_wdatavalid 



HCU Iftteffacc Data and Control Signals 



in 



In 



Data from the prevtous fine buffer. 



Write data for next line buffer. 



Write data vaUd srgnal for next Kne buffer data. 



hcu_sfiil.advdot 



Indicattng to the SFU that the HCU is ready to aci^ 
the next dot of data from SFU. «A^t 
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25,8,2 Configuration Registers 

Table 115. SFU Configuration Registers 
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Table 11 5. SFU Configuration Registers 



0x30 



0x34 



0x36 



0x3C 



HCUReadUneAdrt21 :5] 
(256-blt aligned ORAM address) 



HCUStartReadUneAdr(21 :5) 
{256-bit aligned ORAM address) 



LBONextUneAdrI21:5] 
<2S6-bR afigned DRAM address) 



1 1 



LBDPrevUneAdr(21 :S] 
(256^311 afipned ORAM address) 



17 



17 



Current address pointer in ORAM to HCU 
read data. Read only reglsier. 



Start address In ORAM of line being read 
b/ HCU buffer in ORAM. Read onty regis- 
ter. 



Current address pointer In DRAM to LBO 
write data« Read only register 



Current address pointer In DRAM to LBO 
read data. Read only register 
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25.8.3 SFU sub-block partition 



pcu_fwn- 
pcu_sfu_ 
pcu_a<ftir(5:2J- 
pcu_dataout(3 1 lOf 
shij)Cuji&tBlZ 1 .'0> 
6fu_pcu_ 



i 



sfu_qo (Id aa sub-blocks) 
ftcu,num,<iots 



hcu_dram_word3 



l>d_rwm_words 



PCU 
Interface 



4-- 
t77 



staft.8fu_adf 



_wid_sfu_a<lr 



to.readOne.adr 



17. 



hcu^startreadline^adf 



lbd.nextnne_adr 



Ibd_prevIIne_adr 



xstart_count 



4- 

4- 



x5cafe_denom Ij" 

if 



yscale_num 
yscafe.denom 



4^ 



tt)d_8fJ_pladvvworTJ 



LBD 



sfu.Oxf n 



^sfu_tt 


► 

b^ldata 19 




u_atfv(b)8 



|lbd_nurn_vMOfds 

'S' 



LBD Previous 
Line FIFO 



4— — 2^ 



ptf.diurreq 



plf_diurack 



plf_dHjrvaiId 



olf_idy 



Jbd_st-«i<data 



lbd_ 



LwdatavaUd 



I lbd.8fu_advrmd 



I fbd^nunuwords 

^ 



LBD Next 
Line FIFO 



nlf_dkjwroq 



nff^diuwadc 



nifjdiuwdata 54 



ntfjdiuwvalld 



HCU 


hcu. 


!sfu_advdot 






.hcu.sdata T 


HCU Read 


4 




Une FIFO 






SFU 


* 



hrf_hcu_endofnn6 



hrf^xadvance 



h/f^dhiireq 



hff_diurack 



hrLdiurdata 04 



hff.diukfle 



DIU 
Interface 
Address 
Generator 
Unit 
(DAG) 



■f^ Sfu_rfiu_wreq 

* sfu_diu_data[B3:0] 
► sfu.diu.vwaOtf 
-diu_8fu_wack 



> sfu^diu^rraq 
^ fifu_dlu.fad42l5] 
- diu.6fu_data(63:0] 
-diu.sfu.rvalld 
'doi^sfuursck 



Figure 125. SFU Sub-Block Partition 
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The SFU contains a number of sub-blocks: 



PCU Interface 


PCU interface. con«guration and status registers. Also generates the Go 
and the Reset signals for the rest of the SFU 


LBD Previous line 
RFC 


Contains FIFO which Is read by the LBD previous line Interfece. 


L80 Next Line FIFO 


Contains FIFO which is written by the LBD next Une interface. 


HCU Read Una 

prpo 


Contains FIFO which Is read by the HCU interface. 


OIU Intertace and 
Address Generator 


Contains DIU read Interface and DIU write interfece. Manages the 
address pointers for the bHevel DRAM buffer. Contains X and Y scaling 
logic. 



25.8.4 



The vanous FIFO sub-bioclcs have no knowledge of where in DRAM their read or write data is stored In 
tbis sense the FIFO sub-blocks are con^)leteIy de-coupled from the bi-level DRAM buffer All DRAM 
address management is centralised in the DRJ Interface and Address Generation sub-block. DRAM access 
IS pre-emptive i.e. after a FIFO unit has made an access then as soon as the FIFO has space to read or data 
to wnte a DIU access will be requested immediately. This ensures there are no unnecessary stalls intro- 
duced e.g. at the end of an LBD or HCU line. 

There now follows a description of the SFU sub-blocks. 

PCU Interface Sub-block 

interface sub-block provides for the CPU to access SFU specific registers by reading or writinis 
to the SFU address space. ^ 
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25.8.5 LBOPrevLineFIFO sub-block 



Table 116; LBDPrevLlneFTFO Additional lO Definitions 




Out 



DIU and Address Generation sub-bio ck SlgnaJs 
ptfjdiurreq 



Signal indicatino LBDPmvUneFtFO is ready to be read 
from. Until the first nxi^sfu^advfiha for a band has been 
received and after the number of U)a_sfu_ptadvwoid ^obes 
recerved for a line ts equal to LBDNummids, ptLniyls 
always asserted. During the second and subsequent lines 
0_rxfy]^ deasserted whenever the LBDPmdJneFIFO is 
empty. 



plf^diurack 



pifjdiurdata 



plf_diunvarid 



pif.dhiidle 



Out 



In 



In 



Out 



Signal indicating the LBDPrevUnenFO has 256<bHs of data 



Acknowledge that read request has been accepted and 
pfLWunoq should be de-asserted. 



Data from the DIU to LBDPresrUneFIFO. 
Rrst 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127:64 of 256 bit word. 
Third 64-brts are bits 191:126 of 256 bit word. 
Fourth 64-blts Is are 255:192 of 256 bit %Mord. 



Signal Indfcating data on pff^dfurdata is valid. 



SlgnaJ indicating DIU state-machine is in the IDLE state. 



2S.8.S.1 General Description 

^A^IZ^^^J^^ sub-block comprises a double 256.bit buffer between the LBD and the DIU Inter, 
face and Address Generator sub-block. Tlie FIFO is implemented as 8 times 64-bit ^^^fSS\^ 
wnttenby theDIUInterfaceand AddressGeneratorsub-W^^^ ^"""^^ ^ ^^^^ ^ 
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pltjdlurdata 



Figure 12& LBDPravUneFifo Sub-block 

Whenever 4 locations in the HFO are free the FIFO wiU request 256-bits of data fiom the DIU Interface 
has been accepted andj7(C</"tf7B? should be de-asserted -icnwiucw 
Tie data is written to the FIFO as 64-bits on pl/_diurdataf63:0J over 4 clock cycles. The signal 
lfte*?;jo ^J^r ^ "T*^ °° Plf.<i'uniau,l63:0j is valid. plf_<iiur.aZ is used t^ g^^ 

C^^^-f' 'I''^ '° "»crement the FIFO vnite address. write_adr/2:0J. If theW 
P/eviim^/FO still has 256-bitslreethenpiZLrf/«r7«^ should be asserted aga^ Hi«"»i^ 

^t^^«^^^^ ^u^^ Generation sub-block handles all address pointer management and DIU 
mterfecuig and deades whether to acknowledge a request for data fiom the FIFO. «ni ana uiu 



pclk 
plf_diurreq 
pl^diurack 
plCdiurvalid 
p!f_diurdata[63:0J [ 




J — L 



I 1 I 2 I 3 |-TT 



J 



Figure 127. Timing of signals on the LBDPrevLineFIFO interface to DIU and Address GenenMor 
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diuidle s 1 



ZSfidU&jEBfiJoBEQ 



^ Re<yiesr^ diurreq = 1 , diuldia =0 

^ Ack diurreq a 0 
^ dlurvalld=-| 

^ DataO~^ 



diuivalld^T 
^ Dalai ^ 



dlurvalM==l 
^ Data2 ^ 



diurvalld=1 



Data3 ^ 

Figure 128. Timing of signals on LBOFrevUnoFIFO interface to DIU and Address Generator 

1!!!! LBD reads 16-bit wide data ftom the LBDPrevUneFIFO on sjujbd_pldata[}5 0] 
U>d_xfii^ladvword from the LBD teUs the LBDPrevUneFIFO to supply the next 16-bit wotdL The FIFO 
control logic generates ^ sig^ Y^rdjelect which selects the next 16-bits of the 64-bit FIFO word to out- 
'fi'-'^-P}^r^S:OJ. When the entire cuirent 64-bit HFO wo«i has been read by the LBD 
lbd_sfu_pladvword will cause the next word to be popped from the FIFO. 

ftewous Ime data is not supplied until after the first lbd^_advlme strobe ftom the LBD after sfu_go is 
asserted (^ro data ,s supplied instead). Until the first tbd^Ju.advline strobe after^}f_«, 
/&/.jt;^_pWvvvion; strobes are ignored. /"-s" 

The LBDPrevLineFIFO COM logic uses a counter. pladvword_count[l 1:0], to counts the number of 
sbobes received for the line. The pladvword_count counter is reset to 0 by 
LBDNu^JIX "^^^ «f Ibd^jladvwoni strobes received is equal to 

The LBDPrevLineFIFO generates a signal plf_rdy to indicate that it has data available. UntU the first 
lbdjfii_advbne for a band has been received and after the number of lbd^Ju_pladvword strobes received 
for a bne js equal to LBDNumWords. plf^rdy is always asserted. During the second and subsequent lines 
plf-rdy IS deasserted whenever the LBDPrevUneFIFO is empty. 

i^V^^^'*''- * ^ "^^^ ^''^^ P^'^ng Should not be output to 

the LBD. Thjs is because lbd_num_words may not fit exactly into a 256-bit DRAM word. When the count 
of /6<OA.^iKMwn/ strobes received for a line is equal to lbd_mim_words the LBDPrev- 
UneFIFO must adjust the FIFO read address to point to the next 256-bit word boundary in the RFO This 
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rnfomS? '^™fS^>' FIFO r«d address. r^_adrf2:0J. will require 3 bits to address 8 loca- 



if (pladvword^count ^= lbd,nura_words) then 
read_adrIl:OJ « bOO 
read_adr(2J = -read.adrt2J 



25.8.6 LBDNextLineFIFO sub-block 

Tabfe 117. LBDNextLfneFIFO Addrtlonal 10 Definition 



25.8.€.i Generaf Description 











LBUNextUneFIFO Interface Signals 

pi |"sr" 

DIU and Address GeneraUon 8ulwbla«-ir fij«tui. 


j S/gnal indicating LBDNextUnaFJFO is ready to be written to 
1 f.e. there Id space In the FIFO, 


njf_dtuwreq 


1 


Out 


Signal fndJcatmg the LBDNextLheFIFO has 256-bits of data 
forwrftinB to the DIU. 


nlL.dluwack 


1 


in 


Acknowledge from DIU that write request has been 
accepted and write data can be output on ntf diuwdata 
together with ntf_<Muw)falkS. 


nlf_diuwddta 
nlLdiuwvand 


1 

1 


Out 

frk 


Data from LBDNMUneFIFO to DIU Interface 
First 64>blts is bits 63:0 of 256 bit word 
Second 64-Wts is bits 127:64 of 256 bit word 
Third 64-bits Is bits 1 9 1 :128 of 256 bil word 
Fourth 64-blts is bits 255:1 92 of 256 bit wonl 


' — 


Signai Indicating that data on wiLdiiMdata is valid. 



^! ^A^J^ J^ sub-block comprises a double 256-bit buffer between the LBD and the DIU Inter- 
fece and Address Generator sub-block. TTie FIFO is implemented as 8 times 64-bit w^ -fte FiroS 
written by the LBD and read by the DIU Interface and Address Generator 




SoPEC : Hardware Design 



sfu.wtiata_rao 



16 



64 



64 

— M 



Sword 
64-bit FIFO 



wortf_80/act 



lbd_slii.wvaJid 



wnte 
4 A 



read 



writo_adr 



read^adr 



64 



nrt_diuwdaia 



HFO control 
logic 



nlf_diuwreq 



nfLdhiwack 



nffjdluiwalld 
^ 



Figure 129, LBDNextLineFifo Sub-block 
that the data on nlT diuwdataKl Ot Ic JirW .J^^'t^' nl/_clnnwalid indicates 




nlf_wdiudata[63;0] f 
nlf_diuwvalrd 



' I 2 I 3 I 4 T 



J 
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, .00=^0 



25frbHfi In FIFO 



^ Request ^ diuwreq 1 

c 



Ack 

I 



diuwreq a 0 



^ DataO ^ cfiijwvaiw=i 



^ Datal ^ 



^ Data2 ^ 



Data3 



3 



cfluwvalidal 



diuwvalidsl 



<fluwvand>1 



Figure 131. LBONttxtUneFIFO DIU interface State Diagram • 

^fZ'fTlf-^i^'^'''^^,^ ^ONexOJneFIFO has space for writing by die LBD The LBD 
•nie data is coUected to make up a 64-bit word before being written to the FIFO. 

The LBDNextLineFH^O control logic counts the number oUbdj/u^y^^alid signals. TTie h^b/«/ 



25.8.7 sfu_lbd_rdy Generation 



l^ni^^IF^ " ^""'^'^ '"^ '^'^ "'-^-"^ ^^^^^J'^^O and nl/_,^ fiom the 

rJJSS ?• ♦^'^ ibd_s/u_advline and before the number oflbd_fju_plad>^ord strobes 

[rZi '°r?AL^' I*"^*^' Vi'^Wfe.r^. indicates that the SFU is av^Ste for b<^ rS^ 

iStSg i^^''-«'i/«eF/Fa and writing. TTieieafter it indicates the SFU is availaWeS 
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25.8.8 LBD-SFU Interfaces Timing Waveform Description 

^Z'^'', ^V"- ^Jy^^"-'-^ 's register in tite SFU that registers the data written from the LBD «nH 

The main points to note from Figure 132 are- 

* ll^e^Snt^tk^yS^*^"^*^^^'^^ 16bitwo„.fro.theLBD 

* Si^zl^^O w H '''''' 'fir"''* !^ ^'"'^'^ *=y'="=>' once the SFU can 

SFU in clock cycle '^■^^-'^'"'1'^ Pu«mg new data out which is registered by the 

o'^:^norbe1SS."'"" °" ^^""^'^ ^ ^a-^tion this turns 

Scenario I: 

tr"'^-"?J^^J° !°'^ '^^'^ " « «iU 1 piece of data in the FIFO If the« « 

/W^A^&A^o«/p„lscmthenextcyctethedatawiUappeJon4/i,J6rf^^ If there ,s a 

Scenario 2: 

sju Jbd^nfy will go low when there is still 1 piece of data in the FIFO If there i<z no /h^ .a i a. 

sJuJbd_pldata[15:QJ. ^ Vu.iao_niy wiu assert again, and so the data wUl appear on 

Scenarios: 

tl'ti-^fj^^T 1*^ there is still is still 1 piece of data in the FIFO If there is no 

^e" SfJ^? 'o&S -'t '^i"^ dc-asserted. and the data wiU not be read out from the FIFO 
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Write frrtmr .Rntn<^n^ 

pclk 
sfiijbd_rdy 
Ibd.sfu^wdatavalfd 
lbd_sfu.wdata 
sfu_wdata_reg 
virtual nladr 





warn 


















n 
























































0xF012, 


m 








i 


























fSSStBBSt 




























0x11 J 




















1 


2 


3 


4 


5 


6 


7 


8 


9 


10 






FIguro 132. Signal waveforms between LBD and SFU 



Doc; SoPEC_hardware_deslgn 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 345 



SoPEC : Hardware Design 



25.8.9 HCUReadUneFIFO sub-block 

Table 118. HCUReadUneFiFO Additional 10 Definition 



PIU and Address Generation sub-bfock Signals 



hrOcadvance 


1 


In 


Signal from horizontal scaling unit 
1 - supply the next dot 
1 - supply the current dot 


hrf_hcuendofrine 


1 


Out 


Siflnal lasting 1 cyde Indicating then end of the HCU read 
One. 


hrLdiurreq 


1 


Out 


Signal Indicating the HCUReadUneFIFO has space for 256- 
btts of DJU data. 


hrf.diurack 


1 


In 


Acknowfedge that read request has been accepted and 
hrf_dturTBq should be de-asserted. 


hif_dluidata 


1 


In 


Data from HCUHeedUneFJFO to DIU. 
Rrst 64-bits are bits 63:0 of 256 bit word. 
Second 64-blts are bits 127.-64 of 256 bit word. 
Third 64-bits are bits 191 :1 28 of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit word. 


hrf_diun/alid 


1 


In 


Signal indicating data on plf^diuniata Is valid. 


hrLcfiuidle 


1 


Out 


Signal indicating DIU state-machine is In the IDLE state 



25,8.9.1 General Deseription 

It^^y^^^lT^^^^ sub-block comprises a double 256-bit buffer between the HCU and the DIU 
^^^^i.t^!^"^'^' implemented as 8 times 64.bit words. The HFO 

IS wntten by the DIU Interface and Address Generator sub-block and read by the HCU 



LBD 
sfu.hc(4.sdata 



64 



^sfu_hcu_avaU 


hcu_5fu.advdot 






hou^un\.dot8 16 






hrf_xa<fvance 




^hrf_haj_«fwtofline 


-> 



8 word 
64-bit FIFO 



read 



wnte 



read^adr 



wrlt8_©n 



64 

hrLdhifdata 



writ«_adr 



FIFO control 
logic 



hrf_dnjrreg 



hrf.diurack 



hrf_dHirvaBd 



Figure 133. HCUReadUneFifo Sub-blocl( 
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The DIU Interface and Address Generation (DAG) sub-block interface of the HCUReadLineFIFO is iden- 
tical to the LBDPrevLineFlFO DIU interface. 

Whenever 4 locations in the FIFO are free the FIFO will request 256-bits of data from the DAG sub-block 
by asserting hrf_diurreq, A signal hrfJiiurackm^c^tes that the request has been accepted and hrfjtiurreq 
should be de-asserted. 

The data is written to the FIFO as 64-bits on hrf_diurdata[63:0] over 4 clock cycles. The signal 
hrf^diurvalid indicates that the data returned on hrf_diurdcua[63:0] is valid, hrfjiiurvalid is used to gen- 
erate the FIFO write enable, write jen^ and to increment the FIFO write address, "write jxdr [2:0]. If the 
HCUReadLineFIFO still has 256-bit5 free then hrfjdiurreq should be asserted again. 

The HCUReadLineFIFO generates a signal sjujicu^avail to indicate that it has data available for the 
HCU. The HCU reads single-bit data supplied on sfujicu^data. The FIFO control logic generates a sig- 
nal bit^elect which selects die next bit of the 64-bit FIFO word to output on sjujicu_sdata. The signal 
hcujsjuuadvdot tells die HCUReadLineFIFO to supply the next dot (hrfjKodvance = 1) or the current dot 
{hrf^advance =■ 0) on sfujicu_sdata according to the hrf^pcadvance signal from the scaling control unit in 
the DAG sub-block. The HCU should not generate the hcu jsjujadvdot signal until sju^hcujavail is true. 
The HCU can therefore stall waiting for die s/u_hcu_javaii signal. 

When the entire current 64-bit FIFO word has been read by the HCU hcu_sfi4^advdot will cause the next 
word to be popped from the FIFO. 

The last 256-bit word for a line read from DRAM and written into the HCUReadLineFIFO can contain 
dots or extra padding which should not be output to the HCU. A counter in the HCUReadLineFIFO, 
hcuadvdot_count[15:0J, counts the number of kcu_;sfu_advdot strobes received from the HCU. When the 
count equals hcu^um_dots[15:0] the HCUReadLineFIFO must adjust the FIFO read address to point to 
the next 2S6-bit word boundary in the FIFO. This can be achieved by considering the FIFO read address, 
read jadr [2:0]^ will require 3 bits to address 8 locations of 64^its. The next 256-bit aligned address is cal- 
culated by inverting the NfSB of the read.adr and setting all other bits to 0. 

If <hcuaavtilot_count hcu_nuziLjdoCs) then 
read.adr(l:0) = bOO 
read_«dr(3) = *read^adr[2] 

The DIU Interface and Address Generator sub-block scaling unit also needs to know when 
hcuadvdot_count equals hcu_num_dots. This condition is exported from the HCUReadLineFIFO as the 
signal hrfJicuendojUne. When the krfjicuendofline is asserted the scaling unit will decide based on verti- 
cal scaling whether to go back to the start of the current line or go onto the next line. 

25.8.9.2 DRAM Access Umitation 

The SFU must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
vide 1 bit/cycle to the HCU. This.could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it The maximum stall can be estimated by the 
calculation: DRAM service period - X scale fector * dots used from last DRAM read for HCU line. 
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25.8.10 DIU Interface and Address Generator Sub-block 



Table 119> DIU Interface and Address Generator Additional lO Description 









plf_diurreq 


1 


In 


Signal indicating the LBDPrevUneFfFOhas 2S6-t}its of data 
free. 


plf.diurack 


1 


Out 


Acknowledge that read request has been accepted and 
ptLdiuneq should be de-asserted. 


plf.dluidata 


1 


Out 


Data from the DIU to LBDPmvUneFIFa 
Rrst 64-blts are bits 63:0 of 256 bit word 
Second 64-btts are bits 1 27:64 of 256 bit word 
Third 64-b'tts are bits 191:128 of 256 bit word 
Fourth 64'bfts are bHs 255:192 of 256 bit word 


plf_diuiTvalid 


1 


Out 


Si^al indicating data on pfCdiuniata is valid. 


ptf.diukfie 


1 


In 


Signal indicating DIU state-nnachtne is in the IDLE state. 


Internal LBDNextLlneHFO Inputs 


nlf_dliiwreq 


1 


In 


Signal indicating the LBDNextLineHFO has 256-bits of data 
for writing to the DfU. 


nif.diuwack 


1 


Out 


Acknowledge from DIU ttiat write request has been 
accepted and write data can be output on nlf_diuwdata 
together with nfCdiuwvaUd, 


ntfjdjuwdata 


1 


In 


Data from LBDNextUneFIFO to DIU Interface. 
Brst 64-bits are bits 63.-0 of 256 bit word 
Second 64-blts are bits 127:64 of 256 bit word 
Third 64-bits are bits 191:128 of 256 bit word 
Fourth 64-bjts are bits 255:1 92 of 256 bit word 


nIfjdiuwvaKd 




m 


Signal indicating that data on wtf^diuwdata is vaTid. 


Internal HCUReadUneHFO Inputs 


hrfjhcuendofltne 


1 


In 


Signal lasting 1 cyde indicating then end of the HCU read 
line. 


hrOcadvance 


1 


Out 


Signal from horizontal scaling unit 
1 • supply the next dot 
1 - supply the current dot 


hrf.diurreq 


1 


In 


Signal indicating the HCUReadUneFtFO has space for 256- 
bits of DIU data. 


hrf^diurack 


1 


Out 


Acknowledge that read request has been accepted and 
/7/iLd/Lrn8g should be de-asserted. 


hriLdiufdata 


1 


Out 


Data from HCUReadUneFiFO to DIU. 
First 64-(^ are bits 63K) of 256 bit word 
Second 64-bits are bits 1 27:64 of 256 bit word 
Third 64-bits are bits 1 91 :1 26 of 256 bit woid 
Fourth 64-bits are bits 255:192 of 256 bit word 


hrfjdiurvafid 


1 


Out 


Signal indicating data on piLdiurdata is valid. 


hrfjdiuidle 


1 


In 


Signal indicating DIU state-machine is in the IDLE state. 
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25.8.10. 1 General Description 

STl^t^rrtr ^If^S^'T' ^^^^ "'^S'''* buffer in DRAM. It has a 

managemmt is centralised in the DAG. DRAM access is pre-emptive i.e. after a FIFO 
unit Ims made an access then as soon as the FIFO has space to read or data to write a DIU access vviU be 

Th^^T °° "^"^ "^"^ '"^^ ^ ^eeSSTLBD 

15,' f ^^^"f and vertical non-integer scaling logic is completely contained in the DAG 

^ wh^lw!™."* A/Z-xorfwoBce signal to the HCUReadLineHFO which indT 

cates whether to replicate the current dot or supply the next dot for horizontal scaling. 

2S.8.10.2 DIU Write Interface 

.^'^fff'J^fny generates all the DIU write interface signals directly except for 
5>_rf.«_wfld>-/2/. 57 which is generated by the Address Generation logic ^ 
^l^iT^T ?""/5' LBDNMeFIFO will be negated if its respective address pointer in DRAM is 
St " ""P'^-^'^O" ^ ^ that no erroneous requests oSTon 



nM_dluwreq^ 
nfLadfvafld. 



& 



write ^roQ 



^nlLdiuwack 



ntLdiuwdata 



64 



nlLdluwvBiid 



DIU 



sfULdkijwreq 



«liO_SfU_WBCl( 



64 



y ^ sftj_diu_daia[63:0] 
► 8fu_dUj_wvaHd 



Figure 134. DIU Write Interface 



25.8. 10.3 DIU Read Interface 



Sn?/f T'^'^t'''^^^ '^"^ interface, if both sources request simul. 

2^.1 'V/^ implements a round-robin sharing of read accesses between the HCU- 

ReadLineFIFO and LBDPrevLineFIFO, 

The DRJ read request arbitration logic generates a signal, select Jirjpll which indicates whether the DIU 





selficLhrfptf 



hrf_<liufdte 
p(r.diuidle 



tiHL<Suiack ^ 



pnLdjurack 



64 

hrf^cflurdata ^ f f 
pHLtflurdata ^ J 



-<fiu_sfu_rack 



— X cllu_sfu_data(63:03 



pfLdturvalld ^ 



hrt.dii«valid ^ 



Figure 135. DIU Read Interface murtiplexfng by select_hrfplf 
'^Xc^on^^^ ^ »og^<^ select a DIU read 



jyf^adfvaOd 



pTLcfajwreq 



piLadfvand. 



& 



& 



diu_sfu_rack 
cl]u_klle 



Read Request 
Arbitration Logic 



2 

histoiy 
> 



4^ 



busy 
> 



^sdlect^hrfptf 



^sfu.dlu.rreq 



Figure 136. DIU read request arbitration logic 
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FIFO by default If there k u ' logic will choose the HCUReadLine- 

A pseudo-code description of the DIU read aibitration is given below. 

//' inHLI^is^t^L'rrl^r' " •"^---ineFXro, p« LBnPrev.WlFO 

select_hrfplf = 0 // default choose hrf 

history = none // no DIU read access ianadiately preceding 

// if "lt;'^e!!d"r^" *f«-<liM_rr«« end . i 

it Jdiu^idirf/xT^hr '••-^*-~'=»>^- ^« ^» ^<"- -'-te then drTaasert Lsy 
busy « 0 

//de-assert request in response to acknowledge 
sfu_diu_rreQ = 0 

// if not busy then arbitrate between incoining requests 
// If request detected then assert busy ^^^^ 
if (busy e= 0) then 

//if there is no request 

if (hrf.diurreq =^ 0) AND (plf_diurreq == O) then 

sfu_d.iu_rreq = o 

history = none 
// else there is a request 
else ( 

// assert busy and request DXU read access 
busy s 1 

sfu_diu_rreq a 1 

// *^*>itrate in round-robin fashion between the requestors 
ii iLTl"^ HCUReadLineFlFO requesting choose HCURe^dl-ineFXFO 
if (hrf.dxurreq « l) and (plf^diurreq 0> then 

history = hrf 

select^hrfplf « o . 
// if only LBDPrevLinePIFO requesting choose LBDPrevLineFlFO 
If (hrf^dxurreq O) AND (plf.diurreq == l, then 

history = plf 

select_hrfplf = i 

f^^fu*^*'^"^^*'^^''®^"'^ ^^^^ LBDPrevLineFlFO requesting 
if (hrf_drurreq == 1) AND (plf_diurreq »i= 1) then 

// no ixnmediately preceding request choose HCUReadLineFlFO 
if (history == none) then 
history = hrf 
celect_hrfplf « 0 

eLif Thrsl:^ r;::^,'':^^'^^*^^-"™ I3DPrevI.ineFIPO 

history «= plf 
select_hrfplf = 1 

cLif ^"It^^ ri"^!" rther''^"'"""""° HCtmeadI.i„ePiPO 

history » hrf 
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aelect_hrfplf = o 
// end chere is a request 

25.8. 10.4 Address Generation Logic 

The DIU interface generates the DRAM addresses of data lead and written by the SFU's FIFOs 



SfUflO 










1 


- 




sfu_dlu_radrt2l:S] 




17^ start_sfu_adf 








sfujrfiu.wadr{2i:5] 




17^ entf_8lu.adr 


$ 








W 


Address Generator 








8 . hcu dram %voRis 








Ncu^readRne.adr 






^ 






hcu.6taiirea<fllne_adr 


— ► 










txJ.nextfine^adr 




hrf.cfiurack 










— ► 


rULdluwack 


¥ 






hff_adxvalid 




ptf^dhiiack 


1 






hHLstarUadtvaJld 


-> 




> 






nrCadrvaid 




IbdjshijBuMkiB 








pILadrvalid 









Figure 137. Address Generation 

The address generator is configured with the number of DRAM woids to read in - wrnr i- 

Address Generation 

There arc four address pointers used to manage the bi-level DRAM buffer 

-. hcu_readline_adr[21:5] is the read address in DRAM for the HCUReadLineFIFO. 
f*<^-f tartreadline_adrP J. -SI is ibe start address in r>liA\Af,^^tu^^ 

the HCUReadLineFIFO. read by 

e. lbd_nextline_adr[21:5] is the write address in DRAM for the LBDNextLineFIFO 
d. lbd_preyline_fldr[21:SJ is the read address in DRAM for the LBDPrevUneFIFO. 
The current value of feese address pointers are readable by the CPU. 

Four con^pondi^g address valid flags are required to indicate whether the address pointers are valid- 

a. nlf_jadrvalid, 
b« Mfj5(art_adrvalid, 
c nlf^adrvalid. 
<*• pULadrvalid. 
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DRAM requests from the FIFOs will not be issued to the DIU until the appropriate address flag is valid. 

Sift I!^*!f" ^5*K? ^'^"^'edged. the address generation logic can calculate the address of the next 
256-bit word ui DRAM, ready for the next request . « «ie next 

Rules for address pointers 

The address pointers must obey certain rules which indicate whether they arc valid: 
».ha,_readline_adr[21:S} is only valid if it is reading earlier in the line than 
Ibd nextline_adrpi:5] is writing i.e. hlf_adrvaUd = hcu readline adr[2l SJ '= 
lbd_nextUne_adr[21:5J. ~ ~ ' " " 

lbd_nextline_adrpi:5J !='hcujstartreadline_adr[21:SJ. <^a,ia 
'^H^A ^^^"^J^^^^^fOmust be writing earUer in the line than LBDPrevLineFIFO is r«uling 
and must not overwntc the current line that the HCU is reading fromi.e. ntf adrvalid - 
lbd_nextUne_adr[2l:5J /= Ibd jrevline_adr [21:5] AND hcu j^tartn^dli^l^id. 
d.The LBDPrevUneFIFO can read right up to the address that LBDNextUneFIFO is writing i 

plf.adn^id - lbd_preyline^[21:5J /= lbd_nextline_adr[21:5J^^ ^ 
0. At startup i.e. when 5y«_^c is asserted, the pointers are reset to jfaw sju adrRl 5] The first 

n^ J^rr'^'^S^ - ."^llo-d to be written to lbd_ne.tline_o^$J:SJ ^ ^ 
/>(C<zarva/f(y IS uutially invalid. 

f. The address pointers can wrap around the SFU bi-level store area in DRAM. 
X scaling of data for HCUReadLlneFIFO 

TTie signal /u:«_^/«_arfvrfof teUs the HCUReadLineFIFO to supply the next dot or the current dot o„ 



Qy. xstaruoount 
7^ ^ 




*vf.xatfvance 


6 ^ xscale_nuni 

8> xscale^denom 
— ft 


X Scaling Control 
Unit 


" 


f»f_hcu_eodofnne 


^ 

hcu.sfu_atfvdot 


» 



Figure 138. X scaling control unit 
tf^^i^^^C^JSL%,S, «»«• 1^ "0 Of *. » Mc««. by 

if <hcu_8fu_dotadv == i) then 

if (x_8c«le_count: * *^sc«le_denom - ^scale.num 0) then 

else 

X_scale_.count = x_ficiiIo_count 4- x_scale denom 
nrf_xadvance » 0 

else 
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S3 



x^scale^count ^ x_scaie_counc 



Y scaling of data for HCUReadLlneFIFO 

if <hrf,hcu_endofline i) then 

y_scale_count = y ^ca^e co^r/ ^-^fl*-"™ >= 0> then 
else 

else 

y^scale^count = y.scale^counc 
'^'.^advaace s 0 



yscale.niffn 



hxt_yadvanoe 



Y Scaling Control 
Unit 



Figure 139. Y scaling control unit 

if^fh^f h"' ""f to next lino 

//advance to start o£ next HCU li;^ i„ " ' 

hcu_etartreadline_a<Jr - heu st^^i-^^^^i ■ 

//allow for acMre^s wrap^^^i^d * ^^"^"'"^ * hcu_dranv_worda 

|;<="-startreadlinej,dr - a„d_8£u adr 
If (offsat >» 0) then «_oar 

^ hc,^.tartreadli„e.adr , -tart.sfu_adr ♦ offset 
/r?^^"^^"*-'"^ ' hc«_startreadli„e adr 
hc^reaaii„e_,dr . h^uZlta^tr^^^'J^flTr^- " "> ^^en 
Figure 140 shows m overview of X and Y scaling for HCU data. 
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J3 



ORAM 



hcu_8tartreadUn8.8<fr hcu^readUne adr 



start of next hcu fine In DRAM = 

hcu atartreadUne_adr + hcu.dhun^words 




When DRAM reads tor line 
are comptste Bdvartce to next 
fine or return to start oJ cunant li 
acc ording to Y-scatrig . 



Y-scale 
logic 



*«u-Stu_advdol 



256 bits 



256 bits 



hrf^xadvance 



X-scale 

V logic J 



*^.sfu_advdot 



sfu_hcu_8data 

r 

HCUReadL i neFIFO 



Address generator pseudo-code 



Figure 140. Overview of X and Y scaling at HCU Interface 



Initialization: 

if (sfu_go rising edge) then 

//set flag to allow first wlte 

init = 1 

//initialise address pointers to st^y^ 

lbd^revline_adrf21:5r= stlrtlrf^lSt^l.r ^ '^'^"^ 

lbd^nextline^adr(2l:5] = otart.sfuZadr 2i;5 

hcu,readllne_adrC2l;5] = 8tart_sfu.adr(21 -5 
,,.*l^T^^*"^'^r'^ine^«<^C21:5) = s tar t_sfu.a<ir 21-51 
//if first write con«>lete H«««ri-«i.5J 

elsif (plf_adrvalid i) then 

// reset flag allowing first *rrite 
init e 0 



Address valid signals: 

hrf^adrvalid hcu^readline^adr lbd_nextline adr 
Address pointer updating; 

//LBDNextLinePlFO 

//If end of SFU address range 

if abd_nextline,adr end.sfu^adr) then 

//go to start of SFU address range 

Ibd^nextline^adr = start_sfu adr 
else 

//increment address pointer 
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lbd_nextIinG.adr » Ibd.nextline^adr * x 
// LBDPrevLineFIFO 

if abcu>r«vline.a<^^/en^^^^^^^^ then 

lbd_previine_adr = start^sfu adr 
else ~ 

Ibc^jrevline^adr e Ibdjrevl ine^adr ^ i 
// HCUReadLinePlPO 

//advance to start of next HCU line in dram ^ 
hcu_st«rtreadline adr = hcu starf.-»-^i,-_ ^ 

//allov for addrels wrap^r^a "'""'"^ * hc^dra.^vords 

offset - hc*_st«rtreadline_«dr - encl_sfu ,dr 
If (offset >= 0) then 

^ hcu_startre.dline.adr = start_sfu_«dr * offset 
hcu readline_adr » hcu_startreadllne «dr 

,/.^-' f^^"®-""^ = hcu,startreadline_adr 
//if pointing to end of SPO address space 

/%.o t^T^'"^"^ end,.fu^ad^, Len 
//go to start of SFU address space 
hcujeadllne^adr « start,sfu adr 
else 

//increment address pointer 
hcu.readline,adr « hcu^readline^adr ♦ i 
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26 Tag Encoder (TE) 



J3 



26,1 Overview 



tags on a tna^USuIar grid, and can be pro^fdlf J^tS^^^ 

Basic tag structures are nonnally rendcr^l at ifioo w ■ .7 onentauons. 
of printed dots. The TE su^rL "ti^i^f °! f^v 5^' ^ «rbit«,y number 

u. the X-duecdon. TTxus. ^TC^X^r 4 «"PPor*s in^ s^S 

quently scaled up to 1600 dpi. ^ resolutions less than 1600 dpi which can be subse- 

The output liom the TE is buflFered in the Tag FIFO Unit fTFr n ». • 

" » signal is out^u" o th^ ^^S^f'' > " ^ 'fa" "CU. 

i<«dedfton.DRA^lTl.ehighleve,datapaSisr^;^^:^S^^^ 



ORAM 



PCU 



halftdner/ 
composftof 



te.finishedband 



Rguo, 141. High level block diagram of TE in contact 

pnmded on oflFset-printed pagel using bI«rink^„^h!S^!?''^'^'^'""^»*''**^^»i<»«^ityc^ 
encode buttons. Alternatively L invi"we Z^T^ ^ P«g« - exlple To 

a regular page. However, if invisible IR ink u ZTZZ -..TI" PO«tio° tags over the toD of 

mformation on the page is printed in infr^lT^J^cf!^ I «fa« Pri«ed 

tags. The monochromatic scheme was to S^'SSi^^^hf ^J'-''""'' 

When multiple SoPEC chins ar« r • • ^ "^^'^ "°8e m bluny reading enviromnents. 
Will be prodLd by^^o^^^E^^^f ^L'Si^^T^'^ "'T'^' 
TT^ethroughputrequirementforthcL^T^ r^^^ 

rPECr' S^^'^C T^^e^pIX^^^^ '^'^ ^^^^ TE. Since die 

|>Sg;jeStie'°c^^^^^^^ 2 dots per cycle, the Ug data interface has 

52 cycles within PECl. If the SoPEC^ffi w!"to iS^^nH^lf '^"^"^'"^ 

nommal one dot per cycle it should n«Tose fte 6?/S Set c^fot" "^T"" P"^"^'"" ^ ^''^ ^ - 

^ofDz cycle perfonnance edge attained in the PECl TE. 
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26.2 What are tags? 



The first barcode was described in the late 1940's by Woodland and Silver, and finally patented in 1952 
(US Patent 2,612,994) when electronic parts were scarce and very expensive. Now however with the 
advent of cheap and readily available computer technology, nearly every item purchased from a shop con- 
tams a barcode of some description on the packaging. From books to CDs, to grocery items, the barcode 
provides a convement way of identifying an object by a product number. The exact interpretation of the 
product number depends on the type of barcode. Warehouse inventoiy tracking systems let uscra define 
their own product number ranges, while inventory in shops must be more universally encoded so that prod- 
ucts from one company don't overlap with products from another company. Universal Product Codes 
GJPC) were mtroduccd in the mid 1970's at the request of the National Association of Food Chains for 
this very reason. 

Barcodes themselves have been specified in a large number of formats. The older barcode fonnats contain 
characters that are displayed in the form of lines. The combination of black and white lines describe the 
information Ac barcodes contains. Often there arc two types of lines to form the complete barcode- the 
diaractcrs (the mformation itselO and lines to separate blocks for better optical recognition. While the 
mformahon may change from barcode to barcode, the lines to separate blocks stays constant. The lines to 
separate blocks can therefore be thought of as part of the constant structural components of the barcode. 
Barcodes are read with specialized reading devices that then pass the extracted data onto the computer for 
ftuther processmg. For example, a point-of-sale scanning device allows the sales assistant to add the 
scanned item to the current sale, places the name of the item and the price on a display device for verifica- 
tioii etc. Light-pens, gun readers, scanners, slot readers, and cameras are among the many devices used to 
read the barcodes. 

To help ensure that the data extracted was read correctly, checksums were introduced as a crude form of 
error detection. More recent barcode formats, such as the Aztec 2D barcode developed by Andy Longacre 
m 1995 (US patent number US5591956), but now released to the public domain, use redundancy encoding 
schemes such as Reed-Solomon. Reed Solomon encoding is adequately discussed in [24], [26] and [30] 
The reader is advised to refer to these sources for background information. Vwy often the degree of redun- 
dancy encoding is user selectable. 

More recently there has also been a move from the simple one dimensional barcodes Oine based) to two 
dimensional barcodes. Instead of storing the information as a series of lines, where the data can be 
extracted ftt>m a single dimension, the information is encoded in two dimensions. Just as with the original 
barcodes, the 2D barcode contains both information and structural components for better optical recogni- 
tion. Figure 142 shows an example of a QR Code (Quick Response Code), developed by Denso of Japan 
OJS patent number US5726435). Note the barcode ceU is comprised of two areas: a data area (depends on 
tfic data bemg stored in the barcode), and a constant position detection pattern. The constant position 
detection pattern is used by the reader to help locate the cell itself, then to locate the cell boundaries, to 
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allow the reader to detennine the original orientation of the cell (orientation can be determined by the fact 
that there is no 4th comer pattern). 




Figure 142. Example QR Code developed by Dense of Japan 

The number of barcode encoding schemes grows daily. Yet very often the hardware for producing these 
barcodes is specific to the particular barcode format. As printers become more and more embedded, there 
is an increasing desire for real-time printing of these barcodes. In particular, Nelpage enabled appUcations 
require the printing of 2D barcodes (or tags) over the page, preferably in infra-red ink. The tag encoder in 
SoPEC uses a generic barcode format encoding scheme which is particularly suited to real-time printing. 
Since the barcode encoding format is generic, the same rendering hardware engine can be used to produce 
a wide variety of barcode formats. 

Unfortunately the term "barcode** is interpreted in different ways by different people. Sometimes it refers 
only to the data area component, and does not include the constant position detection pattern. In other 
cases it refers to both data and constant position detection pattern. 

We therefore use the term tag to refer to the combination of data and any other components (such as posi- 
tion detection pattern, blank space etc. surroimd) that must be rendered to help hold or locaie/iead the data. 
A tag therefore contains the following components: 

• data area(s). The data area is the whole reason that the tag exists. The tag data area(s) contains the 
encoded data (optionally redundancy-encoded, perhaps simply checksummed) where the bits of the 
data are placed within the data area at locations specified by the tag encoding scheme. 

• constant background patterns, which typically includes a constant position detection pattern. These 
help the tag reader to locate the tag. They include components that are easy to locate and may contain 
orientation and perspective information in the case of 2D tags. Constant background patterns may also 

, include such patterns as a blank area surrounding the data area or position detection pattern. These 
blank patterns can aid in the decoding of the data by ensuring that there is no interference between tags 
or data areas. 

In most tag encoding schemes there is at least some constant background pattern, but it is not necessarily 
required by all. For example, if the tag data area is enclosed by a physical space and the reading means 
uses a non-optical location mechanism (e.g. physical alignment of surface to data reader) then a position 
detection pattern is not required. 

Different tag encoding schemes have different sized tags, and have different allocation of physical tag area 
to constant position detection pattern and data area. For example, the QR code has 3 fixed blocks at the 
edges of the tag for position detection pattern (see Figure 142) and a data area in the remainder. By con- 
trast, the Netpage tag structure (see Figures 143 and 144) contains a circular locator component, an orien- 
tation feattire, and several data areas. Figure 143(a) shows the Netpage tag constant background pattern in 
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Netpage tag. Nol Lt t M IsZTS^ of u'' ""^^ « 

fonn ablock within the data area. ^ ^ lepreseated by many physical output dots to 




(a) Netpage tag baekground pattern 




<b) Netpaga tag showing data araa 
Figure 143. Netpage tag structure 




26.2.1 



Figure 144, Netpage tag with data rendered at 1600 dpi (magnified view) 
Contents of the data area 

The data area contains the data for the tag, 

" ' *>«*P"t resolution and the taiget reading/scan- 
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21 bloclcswrde = 42dotsvuidd 



position detection 
pattom 



Figure 145. Example of 2x2 dots for each block of QR code 

^ll^^L*'' "-^l^ " "^'^ ^ represented in the printed tag by an arbitrary 

ZfftfT- T^'"" " " *'"8le printed dot. whUe the largest shap^ is tl^oSiSlX S 
tag Itself, for example a giant macrodot comprised of many printed dSs in boS dLSJr 

An^ generic tag definition structure aUows the generation of an arbitrary printed shape from each bit 

26.2^ What do the bits represent? 

^en aboriginal niunbcr of bits of data, and the desire to place t^^^ 

V "•^•^'n, the original number of bits can either be plaSi S 

— ^^^^ 

2«.2.Zf Fixed and vartaU0 data components 
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Pletdy variable. whileXd^ c^cS^rS SpS W "eLS""^ ? encoder may be com- 
of tag data bits. * stag encoder may have a maximum number 

26.2.Z2 Redundancy-encode the tag data within the tag encoder 

encoded data was read direcUy. o™y 33 /o of what would be required if the 

26.3 Placement of tags on a page 

The TE places tags on the page in a triangular grid arrangement as shown in Figur* 146. 

Landseapaortonfartlon drtdlwdlon 



PonraKortontalien 



dotdliecUon 
■ ► 



0 0 0 
0 0 0 



0 0 



Line direction 



Line diFoction 



® 0 



Figure 146. Placement of tags for portrait & landscape printing 

nXe UnlsTf^^o^i^T^t^^^^- ' ^ considered as alter- 
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26.4 



TKe gcnernl case for placement of tags therefore .lies on a number of parameters, as shown in Figure 147. 



Start POslUon 



^ dot diroction 



tagwfmin 
tag's bounding 
box 



AIITagLtee Position 



l^g width 
^ ► 



Dot Inter-tag gap 



Une Inter-tag gap 



tine dtiBctton 



tagwttltin 
tag's bounding 
box 



tag within 
tag's bounding 
box 



Tag height 



Dot Inter-Cag gap 




Ffgure 147. General representation of tag placement 

that these are placement parameters and 



The parameters are more formally described in Table 120 Note 
not registers. ' 



i^m! Tag placement parameters 




widtii 



Oct inter-tag gap 



Une Inter-tag gap 



Start Posftfon 



The number of dot lines in a tag's bounding box 



TTie number of dots in a singie line of the tag's bound- 
ing bo>c. The number of dots in the tag itself may vary 

d^'^;?*'^;!'!!!,^^^'' ^ number of 
dots In the bounding box will be constant (by definh 



The number of dots from the edge of one tag's bound- 



The number of dot lines from the edge of one tag's 
bounding box to the start of the next tag's bounding 
box. In the line direction. 



^1"*? the top left dot on the page - Is an" 

offset in dot & row within the tag or the IntertaQ aan 




minimum 1 



fninlmum 1 



minimum s 0 



minimum =: 0 



Basic tag encoding parameters 



£JfsL?-SS^,tLTe'?S: :rSr °" ^'^'^'^ •^^^^ - * -"^^ of on-chip 
Although the r.stric.^LZZ'XZnZ''^'^^^, ^^^"-^ -«^«=«o- appropriatJ! 

me most iUccly encoding scenarios into account, it is a sim- 
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Tabfe 121. Encoding parameters 



W 



N 



Dy 



Ry 



page width 



tag Size 



number of dots in each dimension of the fag 



redundancy encoding for tag data 



srze of fixed data (unencoded) 



size of redundancy-encoded fixed data 



size of variable data (unencoded) 



size of redundancy-encoded varfable data 



tags per page width 



2^^ dotpaifs or 20.48 inches at 1 60O dpi 



typical tag size is 2nim x 2mm 
maximum tag size is 384 dots x 384 dots 
before scaling le. 6 mm x 6 mm at 1600 dpi 



384 dots before scafing 



Reed-Solomon GF{Z*) at 5:10 or 7:8 



40 or 56 bits 



120 bits 



120 or 112 bits 



360 or 240 bits 



85 packed 6mm x 6mm tags (384 x 384 
dots)wiD fit in 20.48 Inches 



26.4.1 



suppliedas ,20 bits of^^^^:^^^^^^ " ^^'^^ 2<S.4.,. Alte^atively it can be 

'^^T^1^l^Z^\^^tZ^ n2 oM2t)<fa., bits .hat are variable for each tag. Vari- 
26.4. l.'but «aSf S ^S^SyV^t^ " "^^^ ^ - ^^^-^^ - Section 

Redundancy encoding 

hum eiTOB and efifc«ively dS<^?nTSr^^^^!° 

encoding is adequately dS^?Lpi^^TSoi^»^ ^^'^ ^'^^^ 

background infonnation. ^ ' ^" ^ " *° *° for 

polynomial ispCx) =x° 1 ri^illil^ ^"'^ ? ^^^^'^^ ?f ^its. The primitive 

^^'^'^^ ^ *w*> possibilities for encoding- 

* sZoi'mi^T^^etS^^«5^o'?^^^^ lOredundancy 
=Va)(W)...(^^ ^ *° ^ " ^ Senerator polynomial is therefore g^J 

(Jr^aX*4«c2)...(^8). *° ^ ^y^'^'* '° The generator polynomial is g(xj = 

SSS'lS^lJi^f^cSS f ' per tag is ,60 bits (40 

able) as follows: redundancy encoded to give a total amount of 480 bits (120 fixed. 360 vari- 
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« Each tag contains up to 40 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data; giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 120 bits of variable original data. Therefore 6 codewords are required for the 
variable data, giving a total encoded data size of 360 bits. 

In the second case, with 7 symbols of original data, the total amount of original data per tag is 168 bits (56 
fixed, 112 variable). This is redundancy encoded to give a total amount of 360 bits (120 fixed, 240 vari- 
able) as follows: 

• Each tag contains up to 56 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 1 12 bits of variable origitial data. Therefore 4 codewords are required for the 
variable data, giving a total encoded data size of 240 bits. 

The choice of data to redundancy ratio depends on the application. 



The Tag Format Structure (TFS) is the template used to render tags, optimized so that the tag can be ren- 
dered in real time. The TFS contains an entry for each dot position within the tag's bounding box. Each 
entry specifies whe^er the dot is part of the constant background pattern or part of the tag's data compo- 
nent (both fixed and variable). 

The TFS is very similar to a bitmap in that it contains one entry for each dot position of the tag*s bounding 
box. The TFS therefore has TagHeight x TagWidth entries, where TagHeight matches the height of the 
bounding box for the tag in the line dimension, and TagWidth matches the width of the bounding box for 
the tag in the dot dimension. A single line of TFS entries for a tag is known as a tag line structure. 

The TFS consists of TagHeight number 'of tag line structures^ one for each 1600 dpi line in the tag*s 
bounding box. Each tag line structure contains three contiguous tables, known as tables A, B, and C. Table 
A contains 384 2-bit entries, one entry for each of the maximum number of dots in a single line of a tag 
(see Table 121). The actual number of entries used should match the size of the bounding box for the tag in 
the dot dimension, but all 384 entries must be present ^ Table B contains 32 9-bit data addresses that refer 
to (in order of appearance) the data dots present in the particular line. All 32 entries must be present, even 
if fewer are used. Table C contains two 5-bit pointers into table B, and is stored in the 10 low bits of the 
next 32-bit word (the upper 22 bits are unused). The total length of each tag line stmcture is therefore 34 x 
32-bit words. Padding (18 x 32-bit words) is inserted afler every 7 tag line structures to keep each tag line 



1 . This is done so that it is possible to go from one line witibin a tag to the next by simply adding 33 in 32-bit based addressing to DRAM. 



26.5 



Data structures used by tag encoder 



26.5.1 



Tag Format Structure 
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S5 



Tag Format Stnichire 



tag Dne structure 0 



tag line structure 1 



tag line structtira 2 



tag line structure 6 



reserved and unused 
(18x32-bits) 



tag line structure 8 



tag line structure n 



\ 



\ 



\ 



tag line structure 



table A 
(384 entnes x 2-bHs) 
(768t)fts) 



table B 
(32 entries x 9^} 
(268 bits) 



table C 
(2 entries x5-«ts) 
(10 bits) 



reserved and 
unused 
(22 bits) 



i 

Pi 



Figure 148- Composition of SoPEC's tag format structure 

given in section 26.8 J on page 



A fiill description of the interpretation and Usage of Tables A, B and C is 



26sS.1.1 Seating a tag \ 

i 

i^f^hI^^ "Ifi! '"i"? ? Tf' '^^*^Scanbc scaled in one of several ways. Either the tag 
Itself <^ be scaled by N dots in each dimension, which increases the number of entries inthe TFS LI 

would r^eat each entry across each Une of the TFS. L ^J^^^^r^^^Tt^r^'^Z 
net number of entries in the TFS would be increased fourfold (2x2). une of the TFS. The 

The TFS allows the creation of macrvdots instead of simple scaling. Looking at Fimre 149 for a simnle 
' ? ^^^^^ want to produce a physically hSe printed fonn^eug ^hJ^h 
of Ae ongmal dots was represented by 7 x 7 printed dots. If we simply performed repUcSiof'by 7^ 

scaie-up on the output of the tag generator output, then we would have 9 sets of 7 x 7 square blocks. 
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Instead, we can replace each of the original dots in the TFS by a 7 x 7 dot definition of a rounded dot Fig- 
ure 1 50 shows the results. ^ 



positfon detection pattern 
(1 line all dark) 

data area 
(2J1nesof3btts) 



ahways 1 


ahwsys 1 


always 1 


(background) 


(background} 


(background) 


data 


data 


data 


bito 


b(t1 


bit 2 


data 


data 


data 


bit4 


bits 


Mt3 



Figure 149. Simple 3x3 tag structure 



Legend 


■ 


constant 0 




constant 1 


ff!| 


data bito 


D 


databctl 


m 


datab»2 


m 


data bit 3 




databft4 




data bits 




Figure 150. 3x3 tag redesigned for 21 x 21 area (not simple replication) 

Consequently, die higher the resolution of the TFS die more printed dots can be printed for each macrx>dor 
where a macrodot represent a single data bit of die tag. The more dots that are available to produce a mac- 
Si ^""TI^ ^"""^^ P^""'"" ""^'^^ ^^"'^^^ can be. As an example. Figure 144 on page 360 
shows die Netpage tag strucnire rendered such diat die data bits are represented by an average of 8 dots x 
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8 dots {at 1600 dpi), but the actual shape structure of a dot is not square. This allows the printed Netpage 
tag to be subsequently read at any orientation. 



26.5.2 Raw tag data 

The TE requires a band of unencoded variable tag data if variable data is to be included in the tag bit- 
plane. A band of unencoded variable tag data is a set of contiguous unencoded tag data records, in order of 
encounter top left of printed band from top left to lower right. 

An unencoded tag data record is 128 bits arranged as follows: bits 0- 1 11 or 0-119 are the bits of raw tag 
data, bit 120 is a flag used by the TE (TaglsPrinted), and the remaining 7 bits are resavcd (and should be 
0). Having a record size of 128 bits simplifies the tag data access since the data of two tags fits into a 256- 
bit DRAM word. It also means that the flags can be stored ^art from the tag data, thus keeping the raw tag 
data completely unrestricted. If there is an odd number of tags in line then the last DRAM read will con- 
tain a tag in the first 128 bits and padding in the final 128 bits. 

The TaglsPrinted flag allows the effective specification of a tag resolution mask over the page. For each 
tag position the TaglsPrinted flag determines whether any of the tag is printed or not. This allows arbitrary 
placement of tags on the page. For example, tags may only be printed over particular active areas of a 
page. The TaglsPrinted flag allows only those tags to be printed. TaglsPrinted is a 1 bit flag with values as 
shown in Table 122. 



Table 122. TaglsPrinted values 







0 


Don't print the tag in this tag posttion. 

Output 0 for each dot within the tag bounding box. 


1 


Print the tag as specified 1^ the various tag structures. 



2G.5.3 DRAM storage requirements 

The total DRAM storage required by a single band of raw tag data depends on the number of tags present 
in that band. Each tag requires 128 bits. Consequently if there are Nt&gs in the band, ^e size in DRAM is 
J 6N bytes. 

The maximum size of a line of tags is 163 x 128 bits. When maximally packed, a row of tags contains 163 
tags (see Table 121) and extends over a minimum of 126 print lines. This equates to 282 KBytes over a 
Letter page. 

The total DRAM storage required by a single TFS is TagHeigktfl KBytes (including padding). Since the 
likely maximum value for TagHeight is 384 (given that SoPEC restricts TagWidth to 384), the maximum 
size in DRAM for a TFS is 55 KBytes. 

26.5.4 DRAM access requirements 

The TE has two separate read interfaces to DRAM for raw tag data, TD, and tag format structure, TFS. 
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The memory usage requirements are shown in Table 123. Raw tag data is stored iii the compressed page 
store 

Table 123. Memory usage requirements 









compressed page store 


2046 Kbytes 


Compressed data page store for BMevel, contone and 

raw tag data. 


Tag Format Structure 


55 Kbyte (384 dot line tags 
d 1600 dpi) 


55 kB in PEC1 for 384 dot fine tags (the benchmark) at 
1600 dpi 

2.5 mm tags (1/I0th fnch) d 1600 dpi require 160 dot 

lines = 160/384 xS5 or 23 kB 

2^ mm tags 9 600 dpi require 80^384 x55 « 12 kB 



* «^ * t^«.iiawc Yvui reau ^D-oi(5 iTom ai a umo. tacn Z50-bit read returns 2 times 1 28-bit tags. 

The TD interface to ttie DIU will be a 256-bit double buffer. If there is an odd number of tags in line then 
the last DRAM read will contain a tag in the first 128 bits and padding in the final 128 bits. 

The TFS interface will also read 256-bits firom DRAM at a time. The TFS required for a line is 136 bytes, 
A total of 5 times 256-bit DRAM reads is required to read the TFS for a Hne with 192 unused bits in the 
fifth 256-bit word. A 136-byte double-line buffer will be implemented to store the TFS data. 
The TE's DIU bandwidth requirements are summarized in Table 124. 



Table 124. DRAM bandwidth requfrements 




Read 



Read 



Single 256 bit reads'. 



Single 256 bit reads^. TFS is 
136 bytes. This means there 
is imused data in the fifth 
256 bit read. A total of 5 
te&ds isiQCjuizedL 



1.02 



0.093 



1.02 



0.093 



1: Each 2min tag lasts 126 dot cycles and rcquiies 128 bits. This is a rate of 256 bits every 252 cycles. 
2: 17 X 64 bit reads per line in PECl is 5 x 256 bit reads per line in SoPEC with unused bits in the last 256-bit xead. 



26.5.5 Tag sizes 

SoPEC aOows for tags to be between 0 to 384 dots. A typical 2 mm tag requires 126 dots. Short tags do not 
change the internal bandwidth or throughput behaviours at all. Tag height is specified so as to allow the 
DRAM storage for raw tag data to be specified. Minimum tag width is a condition imposed by throughput 
limitations, so if the width is too small TE cannot consistently produce 2 dots per cycle across several tags 
(also there are raw tag data bandwidth implications). Thinner tags still work, they just take longer and/or 
need scaling. 
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26.6 Implementation 



26.6.1 Tag Encoder Architecture 

A block diagram of the TE can be seen below. 



ORAM interface 



tag encoder 
unit 



tagaltsense. 
lasttfotfntag - 
adytagUne- 
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a4> 



lastdbtlmao 

iBStdotintag 1 
otposvaRd 
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bitO 



/'I /'I 



:0 




state 
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8 te.lfii.wtfata 



Tag Rfb Unit 
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Figure 151. TE Block Diagram 

The TE writes lines of bi-level tag plane data to the TFU for later reading by the HCU. The TE is respon- 
sible for merging the encoded tag data with the tag structure (inteipreted from the TFS). Y-integer seeing 
of ^ IS perfonned m the TE with X-integer scaling of the tags perfonned in the TFU. The ^coded tag 
Sf 2 bits at a time and output to the TFU at this rate. The HCU however only consumes 1 
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w^f™ H . """^ ^""^ ^^"^^ "TPS entries, a tag data interface that 

loacfc tag raw data^encodes ,t. and provides bit vdues 

a^ adcL^essmg and control signals. The TE has two separate read interfaces to DRAM for raw 

TD. and tag fonnat structure. TFS. «v~ i lor raw wg aaia, 

n is possible that the raw tag data interface, the TD. to the DIU could be replaced by a hardware state 
machine at a later stage. This would aUow flexibility in the generation of tags, lupport for Y scalinTnSS 

I'Llitit^^Lll- ^ ^ -^ut during 



26.6.2 Y-Scaling output lines 



IL°T ^''A^r? ''^'I!-"^*'!?^ ^ following modifications to the PECl TE are suggested to 

the Tag.Data Interface. Tag Fonnat Structure Interface and TE Top Level: SB 

• for Tag Data Interfece: program the configuration registers of Table 126.firsiTagUneHeight and tag- 
MaxLme with true value i.e. not multipUed up by the scale factor YScale. Within the Tag Data interface 
tiiere are two counters, countx and county that have a direct bearing on the rawTagDataAddr genera- 

IZ, H«!!^» ^ '° NumTag^pitdTagSenseJ at Lit of 

each Ime of tags, countyjs decremented as each line of tags is completely read from DRAM i.e. counu 
- 0. Scaling may be performed by counting the number of times countx reaches zero and only decre- 
menting co«nO' when this number reaches YScale. This wiU cause die TagData Interface to read each 
Ime of tag data NumTagsfRtdTagSenseJ • YScale times. o icaa eacn 

• for tag Format Structure Interface: The impUcation of Y-scaling for the TFS is that each Tae line 
Structure is used YScale times. TTiis may be accomplished in either of two ways: 

• For each Tag Lfae Structure read it once from DRAM and reuse YScale times. This involves gating 
the control of TFS buflFer flipping with YScale. Because of the way in which this advT/sUne and 
advTagLine related functionality is coded in the PECl TFS this solution is judged to be error-prone 

• Fcteh each TjigLineStructure YScale times. This solution involves controlling the activity of currTf. 
sAddr with YScale. - " . J 

^J°^^^fJ^^ ""f.!!??'^ ^'^^^ to the DIU to read each individual Tag Line Stmc- 
^'•^x.^ , ^^^'^ ^°rds for each of the 5 accesses. This is different from the bchav- 

lour m PEC I . where one address is given and 1 7 data-words w«e returned by the DIU 
Smce the behaviour of the currTfsAddr must be changed to meet the requirements of the SoPEC 
DIU It mak^ sense to include the Y-Scaling into this change i.e. a count of the number of com- 
plet<^scts of 5 accesses to the DIU is compared to YScale. Only when this count equals YScale can 
t«rr55v<dd>. be loaded with the base address of the next lines Tag Line Structure in DRAM, other- 
wise It IS re-loaded with the base address of the current lines Tag Line Structure in DRAM. 

IJlS^ "^^ ^ * ^'''"^h « "^d to «>"°t the number of 

completed ouqjut Imes when m a tag gap or in a line of tags. At the start (i.e. top-left hand dot-pair) of 

?? 1"' TagGapLine or TagMaxUne. The value of L,n«ft« is dewe- 

r^e^n rSe tluT " ""'^"""^ accomplished by gating the decrement of UneP^s 
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26.6.3 TE Physical Hierarchy 

T^g Encoder 



Top Level FSM 
+ PCU + Comb 
U>gtc for Muxing 
etc. 



Tag OaUi Interfece 



Raw Tag Data 
Intermce 



Reed Sofomon 
Encoder 



2D Decoder 



Uncoded Tag bata Jnterfacc 



encoded 
fixed tag 
data 



encoded 
varlatile tag 
data 



Table A 



Rego/p 



lag l-ormat blruclure ( I 
I — 



Table C 



TabteB 



Rego/p 



Figure 152. TE Hierarchy 
SS^ffn y^^'p s the structural hierarchy of the TE. The top level contains the Tag Data Inter^ 

Se o^^"^ "^^^ '"^"^'^ ^^'^ ^ «^^<> «>«<^ additio Jlogic f^in^ng 

the output data and generating other control signals. mwung 

I'^ni^^^^ ^^^^l"^": "^^"^ processes the output lines of a page one line at a time with the 

wi2inT^"!hr,"**r '^'^ "''''•'^^ ° " generated. If the current position is 

iS^ed format structure .s used to determine the value of the output dot. using the appropria e 

oJSs mtlJ th" ^"^t ^ TE then advances alo^gthe^Sie 

ofdots.movmgthroughtagsandinter-taggapsaccordingtothetagplacementparameters 
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I 26.6.4 lO Definitions 



Table 125. TE Port Ust 







m 


mrnmwmmmMFmmwim 


Clocks and Resets 


pdk 


1 


In 


SoPEC Functional dock. 


prst^n 


1 


In 


GiobaJ reset signal. 


Bandstore Signals 


cdu.endofbandstor8[21 :S) 


17 


In 


Address of the end of the current band of data. 
256-t)it word aligned ORAM address. 


odu.8tartofl>andstore[21 -SI 


17 


In 


Address of the start of the current band of data. 
256-bit word aligned ORAM address. 


te^finishedband 


1 


Out 


TE finished band signal to PCU and ICU. 


PCU interface data and control signals 


pcu_addrt8:2] 


7 


In 


PCU address Ixjs. 7 bits are required to decode the address space 
for this Mode 


pcu_dataout(3 1 :0} 


32 


In 


Shared write data bus from the PCU. 


te.4x:ujdataln(31 .*0] 


32 ' 


Out 


Read data bus from the TE to the PCU. 


pcu^fwn 


1 


In 


Comnxm read/not-write signal from the PCU. 


pcu_te.8el 


1 


In 


Block select from the PCU. When pcu^te^sel^ high both 
pcu^addrand pcu^c/ataout are valid. 


le_pcu.rrfy 


1 


Out 


Ready signal to the PCU. When te,j>cu_rdy Is high H indicates the 
last cyde of the access. For a write cyde this means pcu^dataout 
has been registered t>y the bkx:k and Ibraread cyde this means 
the data on te_pcu_datain is valid. 


TD (raw Tag Data) OIU Read 


Interface signals 




td.(fiU!^fT8q 


1 


Out 


TD requests DRAM read. A read request must be acoon^anled by 
a valid read address. 


td_diu^radft21.-S] 


17 


Out 


TD read address to OIU. 

17 bHs wide (256-bit aligned word). 


dlu_td_rack 


1 


In 


Acknowledge from OIU that TD read request has been accepted 
and new read address can t>e placed on teLd^ufadr. 


dlu.data(63:0] 


64 


In 


Data torn OiUtoTE. 
Rrst 64-bits are bHs 63:0 of 256 bit word; 
Second 644>its are bits 127:64 of 256 bit word; 
Third 64-bits are bits 1 91 :1 28 of 256 bit word; 
Fourth 64-blts are bits 255:192 of 256 bit word. 


c'iu-td.rvalid 


1 


In 


Signal from DIU telling TD that valid read data is on the KSu^data 
bus, " 


TPS (Tag Fdrmat Structure) DIU Read Interface signals 


tf3_diu_rTeq 


1 


Out 


TPS requests DRAM read. A read request must be accompanied 
by a valid read address. 


tf8_diu_radf(2t:5] 


17 


Out 


TFS Read address to DIU 

17 bits wide (256-bit aligned word). 


diu.tfs_fack 


1 


In 


Acknowledge from DIU that TFS read request has been accepted 
and new read address can be placed on tfsjdiu^radr. 
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Table 125. TE Port List 











Oiii_data|63:0I . 


64 


In 


Data from DIU to TE. 
First 64-bit3 are bits 63.-0 of 256 bit word; 
Second 64-bits are bits 1 27:64 of 256 brt wofd; 
Third 64-bits are bits 1 91 :128 of 256 bit woid; 
Fourth 64-bfts are bits 255:192 of 256 bit word 


diu_tfs_rvand 


1 


in 


Signal from OIU telling TFS that vaOd read data is on the diu data 

bus. 


TFU Interface data and cont 


rol signals — ^ 


tfU-te_oJctowrite 


1 


In 


Ready signai indicattng TFU has space available and Is ready to be 
written to. Also asserted from the p«nt that tfie TFU has redeved 
its expected number of bytes for a line until the next 
te^tnjLWfad^ne 


te_tfu_wdatap:0] 


8 


Out 


Write data for TFU. 


te_tfu_wdfalavaifd 


1 


Out 


Write data valid signal. TTiis signal remains high whenever there is 
valid output data on te^tfu wdata 


te_tfu_wmdvtine 


1 


Out 


Advance line signal strobed when the last byte in a line is placed 
on iguttu_wdata 



26.6.5 Configuration Registers 



2sf ^ ^ ^ ""^t ^ programmed via the PCU inteifece.Refer to section 21.8.2 on 
i * ^ descnption of the protocol and timing diagrams for reading and writing register in the 
TE.Note thatt suice addresses in SoPEC are byte aligned and the PCU only Lpports 32-bit 

rE.Table 1 26 lists the configuration registers in the TE. 

Regteis which address DF^MVl are 64.bit DRAM word aligned as diis is the case for the PECl TE 
SoPEC assimies a 256^bit DRAM word size. If the TE can be easily modified then the DRAM wofd 

^ZUi'f'' S ^'^ff ^'"'^^^ ^^^^ ^^^S- shotidpK,^ 
these the 64^it word aligned addresses on a 256-bit DRAM word boimdaiy.. 

Table 126. TE Configuration Registers 




Control registers 
0x00 



Reset 



Go 




A write to this register causes a reset of the TE. 
This register can be read to indicate the reset state: 

0 - reset in progress 

1 • reset not in progress 



Writing 1 to this register starts the TE, Writing 0 to this 
register halts the TE. 

When Go is deasserted the state-machines go to their 
idle states txit all counters and configuration registers 
Iceep their values. 

When Go is asserted air counters are reset, but con- 
figuration registers keep their values (i.e. they don't 
get reset). NexmandEnabte is cleared when Go is 

asserted. 

The TFU must t>e started before the TE is started. 
This register can be read to detemiine if the TE is run- 
ning (1 = running, 0 = stopped). 
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Table 126. TE Conflguratloo Reglstera 




0x40 


TfsStartAdf 

(64-bft aligned DRAM 

address - should start at 

a 256-brt aligned loca* 

tion) 


19 


0 


Points to the first word of the first TPS line In DRAM. 


0x44 


TfsHndAdr 

(64-bH aligned DRAM 

address - should start at 

a 256-bit aOgned foca* 

tion) 


19 


0 


1 Points to the first word of the last TPS line In DRAM. 


0x48 


TfsRrstLrneAdr 
(64-btt aligned DRAM 
address) 


19 


0 


1 Points to the first word of tha finst tpg 

1 • m •w UKU III Aft VVVJU Ul UlO lUfitL 1 IPO lute to DO 

1 encountered on the page. If the start of the page is in 
an inter-tag gap. then this value will be the same as 

TFSStartAcfr since the first tag tine reached will be the 
1 top line of a tag. 


0x4C 


OataRedun 


1 


0 


j Defines the data to redundancy ratio for the Reed 
j Sofomon encoder. Symbol size is always 4 Wts, Code- 
1 word size is always 15 symbols (60 bits). 

0-5 data symbols (20 bits). 10 redundancy symbols 

(40 bits) 

1 -7 data symbols (28 bits). 8 redundancy symbols 
1^ (32 bits) 


0X50 


Deoode20En 


1 


0 


Determines whether or not the data bits are to be 2D 
decoded rather than redundancy encoded (each 2 
bits of the data bits becomes 4 output data bits). 
v — r^ounoancy encooe data 
1 = decode each 2 bits of data into 4 bits 


0x54 


VariabteDataPresent 


1 


0 


Defines whether or not there Is variat>le data in the 
tags. If there Is none, no attempt is made to read tag 
data, and tag encoding should only reference fixed 
tag data. 


0x58 


EncodeFbeed 


1 


0 


Determines whether or not the lower 40 (or 56) bits of 
fixed data ^uid bo encoded into 120 bits or srmply 
used as is. 


0x5C 


lagMaxDotpairs 


8 


0 


The width of a tag in dot-pairs, minus 1 . 
Minimum 0. Maxlmumsigi. 


0x60 


TagMaxUne 


9 


0 


The number of lines in a tag» minus 1 . 
Minimum 0, Maximum - 383. 


0x64 


TagGapDot 


14 


0 


The number of dot pairs between tags in the dot 

dimension minus 1 . 

Only valid If TagGapPresen^H 0] = 1 . 


0x68 
Ox6C 


TagGapUne 
DolPairsPert-frie 


14 
14 


0 1 
0 1 


Defines the number of dotlines between tags in the 

line dimension minus 1 . 

Only valid if 7ayGapPfBse/7(bit1 J = 1 . 


0x70 


DotStarlTagSense 


2 


0 

I 


Number of output dot pairs to generate per tag line. 
Determines for the first/even (bit 0) and second^odd 
(bit 1 ) rows of tags whether or not the first dot position 
of the line is in a tag. 
1 s in a tag, 0 s in an inter>tag gap. 
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Table 126. TE Configuration Registers 




Bit 0 is 1 If there is an inter^g gap in the dot dimen- 
sfon, and 0 if tags are tlghtfy packed. 
Bit 1 is 1 if there is an inter-tag gap in the line dimen- 
slon. and 0 if tags are tightJy packed. 



YScate 



0x80 to 
0x84 



DotStartPos 



2x14 



0x88 to 
0x8C 



NumTags 



Setup band related registers 
OxCO 



.2x8 



Tag scale factor In Y direction. Output lines to the TFU 
will be generated YScale times. 



Determines for the first/even (0) and second/odd (1) 
rows of tags.the numl>er of dotpairs remaining minus 
1 . In either the tag or inter-tag gap at the start of the 
line. 



Determines for the first/even and second/bdd rows of 
tags how many tags are present in a Une (equals 
numherof tags minus 1). 



0xC4 



0xC8 



OxCC 



NextBandStartTagOa- 
taAdr 

(64-tm aligned DRAM 
address - shouM start at 
a 256-bit aligned loca- 
tion) 



NextBandEndOfTagData 
(64-bit aiigned DRAINS 
address) 



NextBandRretTagUne- 
Height 



NextBandEnable 



Readonly band related registers 



Hoids the vaiue of StarfragDataAdr for the next band. 
This value Is copied to StartTagOataAdr when 
DoneBand Is 1 and NextBandEnable is 1. or when Qo 
transitions from 0 to 1. 



Holds the value of EndOfTagData lor the n^ band. 
This value Is coined to EndOfTagData when 
DoneBand is 1 and NextBandEnable is 1. or when Go 
transitions from 0 to 1 . 



Holds the value of RrslTagUneHelght for the next 
band. This value is copied to FirstTagUneHeight when 
DoneBand gets is 1 and NextBandEnable is 1. or 
when Go transitkms from 0 to 1 . 



When NextBandEnable is 1 and DoneBand is 1. then 
when te_finlshedband Is set at the end of a band: 
-NextBandStarfTagOataAdr is copied to StartTagDa- 
taAdr 

-NextBandEndOfTagData is copied to EndOfTagData 

-NextBandRrstTagUneHelght is copied to HrsCTa- 

gLineHeight 

-DoneBand is cleared 

-NextBandEnable is cleared. 

NextBarnf&iable is cleared when Go is asserted. 
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Table 126. TE Configuration Registers 



^^^^ 


1 ^^^^^^^^^g^^ 




\^^- 




0x00 


DoneBand 


1 


0 


Specifies whether the tag data interface has finished 

loading all the lag data for the t)and. 

It is cleared to 0 when Go transitions from 0 to 1. 

When the tag data interface has finished loading all 

the tag data for the band, the te^finishedband stgnat 

is given out and the OoneSand Hag is set. 

If NextBsLndEnabie isl at this time then startTagDa- 

taAdr, endOfTagData and ffrstTagUneHeight are 

updated with the values for the next band and 

DoneBand is cfeared Pnw>^<Qtn<^ n w-s.^^ 
i^jm^ts^ding ot uie nexT Dane] 

starts Immediately. 

If NextBandEnable is 0 then the remainder of the TE 
win continue to njn,. while the read control unit waits 

for /VaxfBandena/jfe to be set before it restarts. Read 
only. 


0xD4 


StartTagDataAdr 
(64-bit aligned ORAM 
address - should start at 
a 256-bit aligned loca- 
tion) 


19 


0 


The start address of the current row of law tag data. 
This is inttrally points to the first word of the band's tag 
data, which should be aligned to a 126-bft boundary 
(i.e. the tower bit of this address should be 0). Read 
only. 


0xD8 


EndOfTagOata 
<64«tHt aligned ORAM 
address) 


19 


0 


Points to the address of the final tag for the band. 
When all the tag data up to and including address 
endOfT^ffOaflahas been read in, the tejinishedband 
signal is given and the ddneBand flag is set. Read 
only. 


OxOC 


FirsfTagLfneHeight 


9 


0 


The number of lines nunus 1 in the first tag encoun- 
tered in this band. This will be equal to TagMaxUne if 
the band starts at a tag boundary. Read only. 


wonc registf 


srs (set before starting the TE and must not be touched between bands) 


OxIOO 


UnelnTag 


1 


0 


Determines whether or not the first line of the page is 
in a line of tags or in an inter-tag gap. 
1 - in a tag, 0 - in an Inter-tag gap. 


0x104 


LinePos 


14 


0 


The numt)er of lines remaining minus 1 , In either the 
tag or the inter-tag gap in at the start of the page. 


0x1 10 Id 
OxIIC 


TagData 


4x32 


0 


This 128 bit register must be set up InHially with the 
fixed data record for the page. This Is either the lower 
40 (or 56) bits (and the e/TcodeRxfed register should 
be set), or the lower 1 20 bits (and enoodedRxed 
should be dear). The tagDataio] register contains the 
lower 32 bits and the tagData{3J register contains the 
upper 32 bits. 

This register is used throughout the tag encoding 
process to hold the next tag's variable data. 


Wofk registei 
Read-onry fro 


■s (set IntemaJly) 

m the poJnt of view of PCU register access 


0x140 


OotPos 


14 


0 


Defines the number of dotpairs remaining in either the 
tag or inter-tag gap. Does not need to be setup. 


0x144 


CurrTagPlaneAdr 


14 


0 


The dot-parr number l>elng generated. 


0x148 


DotslnTag 


1 


0 


Determines whether the current dot pair is in a tag or 
not 

1 - In a tag, 0 - in an inter-lag gap. 
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Table 126, TE Configuration Registers 




0xl4C 



0x154 



0x158 



0x160 



TagAttSense 



CurrTFSAdr (64-brt 
aligned ORAM address) 



19 



ReadsRemaining 



CountX 



CountY 



Determines whether the productjon of output dots fs 
for the first (and subsequent even) or second (and 
subsequent odd) row of tags. 



Points to the start next line of the TFS to be read in. 



Number of reads remaining In the current burst from 
the raw tag data interface 



The number of tags remaining to be read (minus 1 ) by 
the raw tag data interface for the current line. 



The number of times (minus 1) the tag data tor the 
current line of tags needs to be read In by the raw taa 
data Intertace. 



0x168 



RttflagSense 



Oetemiines whether the raw tag data Interfece is cur- 
rently reading even rows of tags (=0) or odd rows of 
tags (==1) wfth respect to the start of the page. Note 
that this can be different from tagAltSense since the 
raw tag data interfuse Is reading ahead of the produc- 
tion of dots. 



RawTagDataAdr 
(64-bit aligned ORAM 
address) 



19 



The current read address within the unencoded raw 
tag data. 



control 
pcu_dataout(31:0] . 






read 
decode 



sut>-block 



top level 



tejxai_dataln[31 :0J 



te_pcu_rdy 



Figure 153. Block diagram of PCU accesses 
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26.6.5, 1 Starting the TE and restarting the TE between bands 



The TE must be started after the TFU. 

For the first band of data, users set up NextBandStartTagDataAdr, NextBandEndTagDcaa and NextBand- 
FirstTagLineHeight as well as other TE configuration registers. Users then set the TE's Go bit to start pro- 
cessing of the band. When the tag data for the band has finished being decoded, the tejinishedband 
interrupt will be sent to the PCU and ICU indicating that the memory associated with the first band is now 
firee. Processing can now start on the next band of tag data. 

In order to process the next band NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirst- 
TagLineHeight need to be updated before writing a 1 to NextBandEnabie. There are 4 mechanisms for 
restarting the TE between bands: 

9. tejinishedband causes an interrupt to the CPU. The TE will have set its DoneBand bit The 
CPU reprograms the NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirstTa- 
gLineHeight register^ and sets NextBandEnabie to restait the IE. 

b.Thc CPU programs the TE's NextBandStartTagDataAdr, NextBandEndTagData and NextBand- 
rirstTagLineHeighi registers and sets the NextBandEnabie flag before the end of the current 
band. At the end of the current band the TE sets DoneBand. As NextBandEnabie is already 1 , 
the TE starts processing the next band immediately. 

cThe PCU is programmed so that tejinishedband triggers the PCU to execute commands from 
DRAM to reprogiam the NextBandStartTagDataAdr^ NextBandEndTagData and Next- 
BandFirstTagUneHeight registers and set the NextBandEnabie bit to start the TE processing 
the next band. The advantage of this scheme is that the CPU could process band headers in 
advance and store the band commands in DRAM residy for execution. 

d-This is a combination of and c above. The PCU (rather than the CPU in b) programs the TE's 
NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirstTagLineHeight registers 
and sets the NextBandEnabie bit before the end of the current band. At the end of the current 
band the TE sets DoneBand and pulses tejinishedbcmd. As NextBandEnabie is already 1 , the 
TE starts processing the next band immediately. Simultaneously, te Jinishedband triggers the 
PCU to fetch commands fit>m DRAM. The TE will have restarted by the time the PCU has 
fetched commands fi^om DRAM. The PCU commands program the TE next band shadow ro- 
isters and sets the NextBandEnabie bit. 

After the first tag on the page, all bands have their first tag start at the top i.e. NextBandFirstTagLineHeight 
= TagMaxLine. Therefore the same value of NextBandFirstTagLineHeight will normally be used for all 
bands. Certainly. NextBandFirstTagLineHeight should not need to change after the second time it is pro- 
grammed. 
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I 26.6.6 TE Top Level FSM 

The following diagram illustrates the states in the FSM. 

Reset ORfin«»0 



• c ) 



TagDotLine 



while producing vali>< fc.y ^jnys 



Figure 154. Tag Encoder Top-Level FSM 

At the highest level, Ae TE state machine steps through tfie output Unes of a page one line at a time, with 
the starting position either in an inter-tag gap (signal dotsintag - 0) or in a tag (signals tfsvaiid and tdvalid 
and lineintag = 1) (a SoPEC may be only printing part of a tag due to multiple SoPECs printing a single 
line). ^ 

If the current position is within an inter-tag gap, an output of 0 is generated If the current position is 
within a tag, the tag format structure is used to determine the value of the output dot, using the appropriate 
encoded data bit from the fixed or variable data buffers as necessary. The TE then advances along the line 
of dots, moving through tags and inter-tag gaps according to the tag placement parameters. 
Table 127 highlights the signals used within the FSM. 

Table 127. Signals used wfthin TE top level FSM 







pdk 


Sync dock used to regfster all data within the FSM 


prst_n. te^reset 


Reset signals 


advtagtine 


1 cycles pulse indicating to 7D1 and TFS sub-blocks to move onto the next line of 
Tag data 


cunndotlmead((13:0] 


Address counter starting 2 pclk ahead of currtagplaneadr to generate the correct 

dotpair for the current Kne 


dotpos 


Counter to identify how niany dotpairs wide the tag/gap is 


dotsintag 


Signal tdentifying whether the dotpair are In a tag(iygap(0) 


Pneintag^temp 


Identical to lineintag but generated 1 pdk earlier 


linepos_8hadow 


Shadow register for Dnepos due to tinepos being wrttlen to by 2 diftereni proc- 
esses 


talaltsense 


Rag which alternates between tag/gap lines 


te^state 


FSM state variable 


teplanebuf 


6-bit shift register used to format dotpairs into a byte for the TFU 


wradvfine 


Advance Kne signaf strobed when the last tjyte in a line is placed on^ tfu wdata 
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Due to the 2 system clock delay iD the TFS (both Table A and Table B outputs are registered) the TE FSM 
IS working 2 system cioclc cycles AHEAD of the logic genemting the wn^e data for^e TFU. As a r^t 
the following control signals had to be single/double i^gistered on the system clock. 



dotsintag • 
tdvalid ' 
tfsvalid ■ 
tfu_ok_write - 
Iinemtag.temp - 



pclk 



dotsintag 1 


tdvalidl 




tfsvalid 1 


» 


tfu_ok_writel 


► 



lineintagl 



A 



*dotsintag2 
-►tdvalidl 
-►tfsvalid2 



■♦'tfu_ok_write2 



Figure 155. Generated Control Signals 
The tag_dotJine state can be broken down into 3 different stages. 

Stagel:- The state tag_dotJine is entered due to die go signal becoming active. This state controls the 
^^w^- '^^J^-'^-^^^"*^'^ " a^ove. and there is valid TFS and TD available or taggaps, dotpairs 
plied to the TFU since the TFU is a HFO rather than the line store used in PECl . 

"H^^^^^TTf^ u*"'''^ " (//«e/n/a^ flag = 1) the dot position counter do^s is decre- 

mented/reloaded (with tagmaxdotpairs or taggapdot) as the TE moves between tags/gaps. Se 

^T'^f^'^^^^^°"'^' ' f"«t»8)-™-P3«eincontinuesuSaAeendofaS 

2 ^^/em cfocfc cycles before the end of the dotline the lineintag and tagaltsense signals must be prepared 
forthenextdothnebeitinatag/gapdotlineorapurelygapdotline. Bi^s nnisr oe preparea 



f Sf •' ^'u^^f ^ *° decrement the linepos counter if still in 

aug^gap row or reload the linepas register, dotpos counter and reprogram the dotsintag flag if going onto 
anoAer tag/gap or pure gap row. Any signal with the _temp extension means this r^ist^ is updft^J a 
rn^l V . *° ^'^ ''^ ''"I* switching between dot lines^ tag 

lt7rJ^ u T^ '^'^'^ '"^^ - 0 tlie •'^d of a tag/gap has been 

S^att^wh r""' - 0 of a tag row is reached. This stage uses the signals liJnfZtemplld 

tagaltsense which were generated one sys^m dock cycle earlier in Stage 1 . 

fht^iin "^^^^ implements the writing of dotpairs to the correct part of the 6.bit shift register based on 
me LSBs of cumagpianeadr and also implements the counter for the currtagplaneadr. The currtagpla- 
for ti'^ZT «^^»""8 «":"'S''-««rfr = idotpairsperline - 1). All the qiSfier signals e.g ZSag 
^^n'"'"^^!^ ^'"^ -"^"^^'-^r (which is'S.e internal wri5 

aaaress not needed by the TFU) cannot be mcremented until the dotpairs are available which is always 2 
system c/oefr cycles later than when currdotlineadr is incremented. aoie wwcn is always 2 



Doc: SoPEC_hardware_design 
Visrsion: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 381 



SoPEC : Hardware Design 



i3 



The wradvline and advtagline pulses are generated using the same logic (currently separated in the PECl 
Tag Encoder VHDL for clarity). Both of these pulses used to update further registers hence the reason they 
do not use the delayed by 2 system clock cycle qualifiers. 



26.6.7 Combinational Logic 

The TDI is responsible for providing the information data for a tag while the TFSI is responsible for decid- 
ing whether a particular dot on the tag should be printed as background pattern or tag information. Every 
dot within a tag*s boundary is either an information dot or part of the background pattern. 



TDI 



tdLetdO 



TFS 
Intertace 



tdLetdl 



tfeLta^dotOCI] 



tfsLta.dotoro] 



tfsLta_dot1(1] 



tfsiA-dot1[0) 



s 



r^N^oi 



|^dots[1] 



dotsintag 

Figure 156. Logic to combine dot Infbmfiation and Encoded Data 

The resulting lines of dots are stored in the TFU. 

The TFSI reads one Tag Line Structure (TLS) from the DIU for every dot line of tags. Depending on the 
current printing position within the tag (indicated by the signal tagdotnum% the TFS interface outputs dot 
information for two dots and if necessary the corresponding read addresses for encoded tag data. The read 
address are supplied to the TDI which outputs the corresponding data values. 

These data values (tdi^etdO and tdi^etdl) arc then combined with the dot information {tfsi^ta^dotO and 
tfsijta_dott) to produce the dot values that will actually be printed on the page {siots\ see Figure 1 56. 



lastdotiniagi 



dotsintag 
tfsvalid 



tdvaTid 




dotDos 





currdotOneadL. 



dotpaifao ertine 




Figure 157. Generation of Lastdotintag/1 

The signal lastdotintag is generated by checking that the dots are in a tag (dotsintag = I) and that the dot- 
position counter dotpos is equal to zero. It is also used by the TFS to load the index address register with 
zeros at the end of a tag as this is always the starting index when going from one tag to the next, lastdotin- 
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tag is gated with c^vta^ftne in the TFSi (Table C) where adv_tfsjine pulse is used to update the Table C 

iettL.switch state) to pulse the etd_advtag signal hence switching buffers in the ETDi for the next tag. 

TTie signal lastdotintagl is identical io. lastdotintag except it is combinatoiially generated fl cvcle earlier 
Wa«^/,„r«^ except at the end of a u^gline). lastdotintagl signal is only i^fSe TDiTres^^ 
tdvalui signal on the cycle when dotpos = 0. Note the IMSlGlilxKcurrdltlinead^) = UNS 
pau^sperlu^e) - 1 not WSlG^Dicurrdotlineadr) = IJliSlG^lKdotp^^Le)^!^^^ 
to«!dD/inras_ge« process as this is an combinatorial process. vairspenme) 2 as in the 



doteintagi 




Figure 158. Generation of Dot Position Valid 

l^J''^7'^^t^ " '^^S ^ « ^« (//«emto^/ = 1). dots being in a tag 

£S^(tZS^^^ "f'i f ^ fojtnat stnK^e available ((^.v«/«/y = if and Cnng enSdSg d2 



dotsintag 
tf5vaficl2 
tdvaljd2^ 
currtagplaneadr 




te_tfu_we 



^ te_tlbi_wradr 



Figuro 159. Generation of write enable to the TFU 
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The signal tejtju^wdatavaiid can only be active if in a taggap or if valid tag data is available {tdvalidl and 
tfsvalidl) and the currtagpplaneadr{\ :0) equal 1 1 i.e. a byte of data has been generated by combining four 
dotpairs. 



tagmaxdotpairs 



tagdotnum 




Figure 160. Generation of Tag Dot Number 

The signal tagdotnum tells the TFS how many dotpaiis remain in a tag/ga|>. It is calculated by subtracting 
the value in the do^os counter from &e value programmed in the tagmaxdopairs register 
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26.7 Tag Data Interface (TDi) 

26.7.1 I/O Specification 



Table 128. TDI Port List 



crocks and Resets 






pdk 


1 


J SoPEC system dock 


1 prst_n 


1 ^ 


1 Aclive4ow. synchronous reset in pdk domain. 


1 DIU Read Interface Signals 




dju_data[63K)] 


In 


Data from DRAM. 


1 td_dUj_n'eq 


Out 


Data request to DRAM. 


1 td.dUi.ffadr(21:S] 


Out 


Read address to DRAM. 


1 dlu_td_rack 


In 


Data acknowledge from ORAM, 


1 diu_td,rvaHd 


In 


Data valid signal from DRAM. 


PCU Interface Data, Control Signals and 


1 pcu.dataout(31:0] 


!n 


PCU writes ttiis data. 


1 pcu_addr(8:2] 


In 


PCU accesses this address. 


1 pcu_rwn 


In 


GlotMd read/Wrfte-not signal from PCU. 


1 pcu_te_seJ 


In 


PCU selects TE lor rAv access. 


1 pciutB.reset 


In 


PCU reset 


1 <<<^te_doneband 

1 td^te.dataredun 
td_te_deoode2den 

1 td_te.variat)Iedatapresent 

1 txf_te_encodefixed 

1 td^te.numtagsO 

1 td_te_numtagsl 

1 td.te.starttagdataadr 

1 td_te_rawtagdataadr 
1 td.te.endoftagdata 

td_te_firsttagltnehelght 
j td_te_tagdataO 
1 td-te_tagdata1 
td_te_tagdata2 
1 ^d_te_tagdata3 
1 td_te_coufitx 
I td_te_county 
1 td__te_rtdtaQsense 
1 td_te_readsreniaining 


Out 


PCU readable registers. 


j TPS (Tag Format Structure) 


Ltrsi_ad/Ofa:0] 


In 


Read address for dotO 


L tfsLadr1(8:0J 


In 


Read address for doti 


1 Bandstore Signals . 


1 cdu_startofbandstore[24:0] 


In 


Start memory area allocated for page bands 


odu_endofl>and3tore[24:0] 


In 


Last address of the memory alfocated for page bands 


[ te^finlshedband 


Out 


Tag encoder band finished 
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ORAM Interface 



te_finlshedband 
< 



etdRdAdrO 



eWRdAdn 



tag data 
int«rfaea 



naw tag 
datainte/^ce 
FSM 



y rt dAvan . 
► 



ndRd 



state 
machine 




LteglsPrinted 



selUow 



c ^ 



encoded tag data inter€»ce 
AAA 



/'6 

I 



Figure 161. TDI Architecture 



> tdVafid 

— tastDotlnl^g 

— lastDotln'fegl 



> taglsPriniQd 



^ etdO 
^ etdl 



26.7.2 Introduction 



The teg data interface is responsible for obtaining the raw tag data and encoding it as required by the tag 
encoder The smallest typical tag placement is 2inni x 2inm, which means a tag is at least 126 1600 doi 
dots wide. *^ 

In PECl, in order to keep up with the HCU which processes 2 dots per cycle, the tag data interface has 
been designed to be capable of encoding a tag in 63 cycles. This is actually accomplished in approximately 
52 cycles within PECl. For SoPEC the TE need only pn>duce one dot per cycle; it should be able to pro- 
duce tags m no more than twice the time taken by the PECl TE. Moreover, any change in implementation 
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ftom two dots to one dot per cycle should not lose the 63/52 cycle perfonnance edge attained in the PEC 1 

^n^^JZ^iT" a raw tag data interface FSM that fetches tag data 

^hSff^' ^ ^^^^^ Recd-Solomoa encoder, an encoded da«i interfece and a state 

hTdttUX^dTitS^tp^^r^"^^^ 

^cSm^ilT""^ ""^ '^'^ °" "^'^ 7E-«»ca«/eAerf. r£_^ara.e^«« and r£_dec«fe2rf.n 

' 2ti2^l^'^'ft^"' "^^^u? "P^^JJ^^J'^ ^« "scd to produce 1 5 output symbols, so the output is 
3 times the size of the input This can be performed on fixed and variable tag data 

' ^I^ W • ' f^^^ "^'^ ^ 5 output symboU. so for the same 

num^r of "P^ symbols, the output is not as laige as the (15.5) code (for more de ails see seS^n 
26.7.6 on page 400). This can be performed on fixed and variable tag data 

' ^^d'^^e^^Ta^^^^'"'''''*"'^'^*"^'^'^'**^'"'''^ 
' S^^^SSon'ir'^'''^"'^^^'*^'^"'*'*^"^^ 

Each teg is made up of fixed tag data O-e. this data is the same for each tag on the page) and variable tair 
data (i.e. different for each^tag on the page). ■ page; ana vanaoie tag 

ISL wh^S?.?*^'*'''^ " ^^^-^^ " " ^"^y '^^^ "«> coding is required). 

fc^J^7?- " "^^""^ °' ^^^'"^ '^^'^ 05.7) coding is required. Once the fixed tTJata 

IS coded It IS 120-bits long. It is then stored in the Encoded Tag Data Interfece. 

^^r, S JS" ^ '^'^ ^ ""«>^ When (15,5) coding is .equired. the 120- 

bite Stored m DRAM are «jcoded into 360-bits. When (15.7) coding is required. L 1 12-bite stored hi 
v^iTlTrTv. 240-b.ts. When 2D decoding is required the 120-bits sto;ed in DRAM are^" 
verted mto 240-bits. In each case the encoded bits are stored in the Encoded Tag Date Interfiice. 
The encoded fixed and variable tag data ate eventually used to print the tog. 

ts then stored m one of the 8xl5-bits registers/RAMs in the Encoded Tag Data Interface. This dataremaSs 
unchanged m the registers/RAMs unril the next page is ready to be prxSssed. 

I^Va«tii?.*'^T» "^""f " ^ f^*" 32-bit words. The TE rc-reads 

SITpo k^,. ^'^'^ ^""^ ^ tag- The variable^ 

data nFO which reads from DRAM has enough space to store 4 tegs. >a«»ewg 
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I 26.7.3 Data Flow 

An overview of the dataflow through the TDI can be seen in Figure 162 below. 



RAW TAG DATA MTEHmCE 
B*64 



ENCODED TAQ DATA tNTERFACE 

-C'Koddd fbtftd data can be up 120 bits \onQ 
•Usa 2 twftefs 10 aflow tor 2 simuftaneoualy 
READa in one cycle. 

-These stores hold the fixed tag data tor 1 tao 
-Total memory - 120ji2 - 2«0 bite 



TAO DATA REOISTER 




REED SOLOMOW 
DECODE 2D 



-The requested lag is READ 
«rtt>lhcs 128-bit buffer. 
-Jtn buffarcan be updated 
iiplal83lunei/lne. 
-Each tao «riD be loaded 
at least 126 IT 



<fnn doMao 126 (apecUied> 
•max dotsAbie • 1600x12.6 - 20480 
•max taosffne - 20460n26 - 163 
-maxvafMedata/lao* 120 
•nm amount of tao daiaAtne - 120 X 104 
•Siflt the 120 tag daU bit» kito 2x64-blt) (6 space tfts) 
j^cmemory needed lor 1 nne of tag data - 2x84x164 - 6561(32 
•OindemiainlialfioaaowtorBln«itaneou9 READ/WRITE 
■Once a»tttl> data is loaded ft be valid tx at least 126Bnes. 
•Remme speclficatf orv «« must be able to p«ooesa 2 dots^ 
-126 Ones contains 20480x126 - 2580480 dots. 
•Therefore the data vrffl be updated at moat every 1290240 cycles 
-Total memory • 164x2x64 • 20992-tf ts 
-1J|eato« osesO-bttadaressino, Bit-0 iryficates which buffer. 

•Oii» prfnting has started each half buffer has 1« a line h %«hlch to be loaded 
L<Liorai23jneh&nelihasl0240db(sorSi20cyGlea 
for an 8 inch finei haa 6400 dots or 3200 cycles 




•Have to be able to read one tag^ data 
from the RawTkg Data Interface. RS 
encode and store tt in the Encoded Tao 
Oata Inteiface fci 63 cyctes orlesa. 



-Encoded variable data can be up to 380 bits long 
•Use 2 buffers to allow for 2 sImuKaneoualy 
REAOalnonecyQie. 

•Use 2 bufteie to aUoMT tor aimijltwieousfy 
REAOmniTE 

•1btal memory « 360x2]£ « 1260 bits 
•Min tag wfoih » 128 dots 

ao the fastesiihat iiag can be read - 126<2 - 63 cyctes 



Figure 162. Data Flow Through the TDI 

The TD interfiice consists of the following main sections: 

• the Raw Tag Data Interface - fetches tag data from DRAM; 

• the tag data register; 

• 2 Reed Solomon encoders - each encodes one 4-bit symbol at a time; 

• *e Encoded Tag Data Interface - supplies encoded tag data for output; 

• Two 2D decoders. 

The niain performance specification for PECl is that the TE must be able to output data at a continuous 
rate of 2 dots per cycle. ww^uo 
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26.7.4 



Raw tag data interface 

The raw tag data interface (RTDI) provides a simple means of accessing raw tag data in DRAM The RTDI 
passes tag data mto a FIFO where it can be subsequently read as required. The 64-bit output from the 

^!^.Trs^tf^^^ being usedto set/reset as the enable signal 

{rtdAvail). The FIFO is clocked out with receipt of an rtrfW signal from the TS FSM. 

Figure 163 shows a block diagram of the raw tag data interface. 



DRAM irrterfeoe 



raw teg data 
Intarfaea 



^ *" 



raw tag data 

RFO 
(8x64^) 



dlu.dat8|S3:0] 
wrptr 

rtd_fffb_wr_en 

rdptr 

pdk 



rtdbufl64:0] 



17 



ftd state 
machine 



le.flnisliadband 



fifb_wr_en 



rtdbuf|63:0] 



(r rtdlMjf data fegisteied In Tag Data Rag) 



H — I I — □!>■ — 1 

1 wiptr I I " I I fdptr 




Figure 163. Raw tag data interface brock diagram 



26.7.4.1 RTDiFSM 



The RTDI state machine is responsible for keeping the raw tag FIFO full. The state machine reads the line 
ot teg data once for each printlinc that uses the tag. This means a given line of tag data will be read at least 
fZ! ^^'^^^ ^""^ 2 ^Ss. Note that the first line of tag data may be read 

Z^ToI r- ^ ^^""^ ''^'^^ ^ ^ ^e- «l^^o° ^ and even rows of tags 

may contain different numbers of tags, ^ 
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StartTagDataAdr, NextBandEndOfTagData, NextBandFtrstTagUneHeight and numTagsfO], numTagsf 
registers before staitiiig the TE by asserting Go. ""^/osrf 

To restart the tag encoder for second and subsequent bands of a page, the NextBandStanTagDataAdr, 
NextBandEndOfTagData and NextBandFirstTagLineHeigh registers need to be updated (typically 
Ta ^^'I? "IT'^^'^^'J P'^**"* a° even """ber of t4 rows) 

tl^e TC^tf'^i'"'' °" ^''•^•^•^ * ^' description of the four ways of reprog^ing 

STtl^f ^,'^-r°l^!^l- P'^^'"'' containing tags. When maxiinally packed, a row of tags con- 
tains 163 tags (see Tible 121 on page 364). -ns vw« 

The RTDI State Flow diagram is shown in Figure 164. An explanation of the states follows: 
idle state:- Stay in die idJe state if there is no variable data present. If ther« is variable data present and 
mere are at least 4 spaces left in the FIFO then request a burst of 2 tags from the DRAM (1 • 256bits) 
Counter countx is assigned the number of tags in a even/odd line which depends on the value of lesister 
rtdta^ense. Down-counter county is assigned the number of dot lines high a tag wUl be (min 126) Ini- 
tially It must be set tbcjirsttaglineheight value as the TE may be between pages (i.e. a partial tag) For nor- 
mal tag generation cotmty wiU take the value of tc^maxline register 

f!^^^f '-: "^^ .^""-access state wiU generate a request to the DRAM if there are at least 4 spaces in the 
r^' Zt^^'^^I"^^** '^'■-»l-Co«"ter which is incremented/decremented on writes/reads 

tL^n^, Ir/T^'-^l'^f.'' ^^''^^^ (FIFO is 8 high) there must be 4 locations free. A 
control signal called td_diu.jxidrvalidis generated for the duration of the DRAM burst access. Addresses 
are s^m bursts of 1. ITie counter burst_count controls this signal, (wai involve modification to existing 

If ttere is an odd number of tags in line then the last DRAM read will contain a tag in the first 128 bits and 
padding m the final 128 bits. 

MoJoad:- This state controb the addressing to die DRAM. Counters countx and county are used to moni- 
tor Miether the TE is processing a line of dots within a row of tags. When countx is zero it me^ all tag 
dote for flus row are complete. When county is zero it means the TE is on the last line of dots (prior to Y 
scalingXfor this row of tags. When a row of tags is complete the sense of rtdtagsense is inverted (odd/ 
even). The rawtagdataadr is compared to the te_endofiagdata address. \f ravnagdataadr = endoftagdata 
the ^ne W signal is set, the/inishedband signal is pulsed, and the FSM enters the rtdjtall state until 
the doneband signal is reset to zero by the PCU by which time the raM>tagdata, endoftagedata and firstta- 
gltnehetght registers are setup with new values to restart the TE. This state is used to count the 64-bit reads 
from the DIU. Each time diu_td_rvalid is high rtd_data_count is incremented by 1. The compare of 
•^Au"-^"' ° "'^-'"^ » neccessary to find out when either aU 4»64-bit data has been received or 
n 64-bit data (dep«iding on a match of rawtagdataadr - endoftagdata in the middle of a set of 4*64-bit 
values bemg returned by the DIU. 

rtd^talh- This state waits for the the doneband signal to be reset (see page 379 for a description of how 
this occurs). Once reset the FSM returns to the idle state. This states also performs die same count on the 
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diu^data read as above in the case where diu_td_rvalid has not gone high by the time the addressing is 
complete and the end of band data has been reached i.e. rawtagdataadr = endoftagdata 



variabfedataoresent = 0 



IDLE 



3 



OQ«1 ANDwr rri countpf < l.q 



end of 
burst 



DJU^ACCESS 



S) 



tilu Id racK = 1 



^FIFOJ 



LOAD 



donehand 



donehand == 1 



.STALL 



Figure 164, RTOi State Flow Diagram 
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increasing 



N> 1 



odu^startolbandstore 

T^.endoftagdata (for Uand N) 

TE.endoftagdata (for band N*l ) 
cdu_endofbandstore 



Figure 165, Relationship between TE.endoftagdata, cdu^startofbandstore and 

cdu_endofbandstore 
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26.7.5 TDI state machine 

The tag data state machine has two processing phases. The first processing phase is to encode the fixed tag 
data stored in the 12$-bit (2 x 64.bit) tag data register. The second is to encode tag data as it is required by 
the tag encoder. 

When the Tag Encoder is started up, the fixed tag data is already preloaded in the 128 bit tag data record. If 
encodeFixed is set, then the 2 codewords stored in the lower bits of the tag data record need to be encoded: 
40 bits ifdatoRedun = 6, and 56 bits if dataRedun « 1. If encodeFixed is clear, then the lower 120 bits of 
the tag data record must be passed to the encoded tag data interface without being encoded 

When encodeFixed is set, the symbols derived from codeword 0 are written to codeword 6 and the sym- 
bols derived from codeword 1 arc written to codeword 7. The data symbols are stored first and then the 
remaining redundancy symbols are stored afterwards, for a total of 15 symbols. Thus, when dataRedun = 
0, the 5 symbols derived firom bits 0-19 are written to symbols 0-4, and the redundancy symbols are writ- 
ten to symbols 5-14. When dataRedun = 1. the 7 symbols derived firom bits 0-27 arc written to symbols 0- 
6, and the redundancy symbols are written to symbols 7- 14. 

When encodeFixed is clear, the 120 bits of fixed data is copied directly to codewords 6 and 7. 
The TDI State Flow diagram is shown in Figure 166. An explanation of the states follows. 




Figure 166. TDi State Flow Diagram 

idle> In the idle state wait for the tag encoder go signal - top^o = 1. The first task is to either store or 
encode the Fixed data. Once the Fixed data is stored or encoded/stored the donefixed flag is set If there is 
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no variable data the FSM returns to the idle state hence the reason to check the donefixed flag before 
advancing i.e. only store/encode the fixed data once. 

^^P^ »° ^^'''^y ''^^ *e fixed data in the 

ETDi or If the fixed data needs to be either (15:5) (40-bits) or (15:7) (56-bits) RS encoded or 2D decoded 
^uldbT encodefbced and data,^ and decode2den determine what the next state 

bypass jo_^> The bypass.to.etdi takes 120-bits of fixed data(pre-encoded) from the tag_dataO27 0) 
register and stores >t ,„ Ae 15*8 (by 2 for simultaneous reads) buffe.^. The data is paSed frL the 
tag data register through 3 levels of muxing (levell. Ievel2. leveI3) where it enters the RSO/RSl encoders 
(which m« now in a straight through mode (i.e. conovU and cantrolJ7 are zero hence the data passes 
s^ht from the input to the ouq)ut). The MSBs of the etd_M;r_fldr must be high to store this data as code- 

e,d_buf switch:- This state is used to set the tA>alid signal and pulse the etd_adv_tag signal which in toan 

Se"S. Srlt.?' '^jS^rr'' ^™ "'^^^ The>Ir.«/;„.;iil Soused to idl^ 

. " *e tag data from the RTDi FIFO and encode. Once 

«icoded and stored the FSM returns to this state where it evaluates the sense oTtdvcdid First time around 
Il'^pc^f ^ "'^ *° ^ readtagdata state to fill die 2nd ETDi buffer. After this 

^e FSM r^ to this state and waits for the lastdotintag signal to arrive. In between tags when the last- 
doungtag signal is received the etd_pdv_tag is pulsed and the FSM goes to the readtagdata state. However 
'ly ^^'^'^S «t ^nd of a line there is an extra 1 cycle delay introduced in generating 

Aeeft/_«dw_ra5- pulse (via etd_adv_tag_endofline) due to the pipelining in the TFS. This allows all the 
previous tag to be read from the correct buffer and seamless transfer to the other buffer for the next line. 

'^^f^'" "^"^ "^f, a '^'^'^^ signal from the taw tag data interface which 

mdicatcs diere ,s mw teg data available. The tag_data register is 128-bits so it takes 2 pulses of die rtdrd 
^^Ti 4t , "I'o t<^g-data register. If die rtdamU signal is set rtdW is pulsed for 1 «grcle 

and the FSM steps onto die loadtagdata state. Initially the axgfirstS4bits wiU be zero. The 64.bits of rtd 
are assigned to tte tag^ta[63:0] and the ^^first64bits is set to indicate the first raw tag data read is 
^TSll^ P*' FSM then steps back to the read_tagdata state where it generates the second mbd pulse. 
^2S°<S^ loadtagdata state for where die second 64-bits of rawtag data are assigned to 

toiufta«<to/a:- TTie loadtagdata state writes the raw tag data into ibit.tag_data register from the RTDi FIFO 
The>&-«tf^6rtr flag is reset to zero as the tag_data register now contains 120/1 12 bits of variable data A 
decode of whether to (15:5) or (15:7) RS encode or 2D decode this data, decides the next state. 

Z'^^Z^ 'T^^ ^-'^-^ Solomon (15:5) mode) state eidier encodes 40-bit Fixed data or 120-bit 

^ P^"^*^^^ ^'^^ tag data write address and write enable (etd ht adr and etdwe 
respectivdy). Once die fixed tag data is encoded the donefixed flag is set as this only n,^ds7o be done once 
per page The vanabledatapresent register is dien polled to see if diere is variable data in the tags. If tiiere 

Else die tdvaiid flag must be set and FSM returns to the idle state. control_5 is a control bit for Ac RS 
Encoder and controls feedforward and feedback muxes titat enable (15:5) encoding. 

generates die control signals for passing 120-bits of variable tag data to the RS 
encoder m 4-bit symbols per clock cycle. rs_counter is used both to control die levelljnux and act as the 
15-cycle counter of the RS Encoder. This logic cycles for a total of 3*15 cycles to encode die 120-bits. 

Sis toSadS-s"^^"^ ^ " """'"^ *° "'"^^ *® levell_mux has to select 7 4-bit sym- 

f^r^-^''- M-'^''^''*"'*-'^''-'^-^'' decode_2d states provides die control signals for passing the 
120-bit variable data to die 2D decoder. The 2 Isbs are decoded to create 4 bits. ^ 4 bits fix,m eacS 
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decoder are combined and stored in the ETDi. Next the 2 MSBs are decoded to create 4 bits. Again the 4 
bits from each decoder are combined and stored in the ETDi. 

As can be seen from Figure 161 on page 386 there are 3 stages of muxing between the Tag Data register 
and the RS encoders or 2D decoders. Levels 1-2 are controlled by leveU^mux and leveI2_mux which are 
generated within the TDi FSM as is the write address to the ETDi buffers (etd_wr_adr) 

Figures 1 67 through 1 72 illustrate the m^pings used to store the encoded fixed and variable tag data in the 
ETDI buffere. 
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IJ ► 





1 


TE_tagdata(l27:0} 


18 18.. 


..10 


6362.. 


1 0 




6362.. -.10 




39 36.. 




127 126. . 


..65 64 




127126.. ..6564 




59 56.. 


.. 4140 


< 


1 






79 78 


-.ei6c 


• 


« 




99 98.. 


..etec 








119118. .101 IOC 



d4 d3 d2 d2 dp 



TE_tagdata( 119:0) 




P9 Pa Py Ptt Ps P4 Pa P2 Pi Pp d4d3d2dt dp 



do to d9 are encoded and stored 
during cydes N to N-kU 



Pi9 Pie Pi7 Pie Pis Pi4 Pi3 Pt2 Pii Pip d9 da d? dc dg 

' wrBdr(5:0) 



di4dt3 dt2dii d|o 



<^i9dtadt7di6di5 




' |P29P2eP27P26P2sPa4P23P22P2i Pao dt4 dtj di2 dn dto 



RSI »| P39P38P37P36P3SP34PmP32P31 P3G dtfl d|e d^y d,6 d<5 



die to d19 are encoded and stored 
during cydes N^15 to N<«-2g 




codewords 

codeword 2 - 





Pas P29 


10 


P3SP28 


1C 


P37P27 


IB 


P36P26 


1A 


P35P25 


19 


P34P24 


16 


P33P23 


17 


P32 P22 


16 


P3I P21 


15 


P30P20 


14 


d,9 di4 


13 


diedia 


12 


di7di2 


11 


disdii 


10 


disdto 


— ^ t 




oodeword 1 - 
codeword 0 ' 



wradr(S:0) 



d20 to d29 are encoded and stored 
during cyctes to M444 



I P49 P48 P47 P46 P45 P44 P43 P42 P41 P40dat d23 d22 ^Ibl d20 



PS9PS8PsrPgsPSaP54P53PszP5lP50d29 428<^t^<^2S 



Figure 167. Mapping of the tag data to codewords 0-7 





P59P49 


/I 


P5aP48 


/I ^ 


Ps7p4r 


/ / 


PS6P46 


If / ^ 


P55P45 


\/ ^ 


P54P44 


A ^® 


P53P43 


J\ 27 


P52P42 


\ \ 


PSI P41 


\\ ^ 


PSOP4O 


\\ 


<<29<l24 


\\ 


d2e<*23 




d27d22 


^ 21 


dao 


20 


^2sd20 


codewords ' T 
codeword 4 ' 
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S5 



T^tagdaiaOl 



^4 <^ d2 di 



dg da d7 da 



P4 P3 Pg p> Po d4«3<<2<<i tfp 



Pf 9 Pia Pi7 Pi6 Pis Pu P13 P12 Pi 1 Pio^c'e<^(%(% 



dO 10 d9 are encoded and stored 
during cydeeN to N-i-M 



wradr(5.-0) 

|3E fPigPg 




codeword 7 
codeword 



Figure 168. Coding and mapping of uncoded Rxed Tag Data for (15.5) RS encoder 



wradf(5:0) 



TE.tagdata(1 10:0) 



do to d29 are stored 
during cycles N to N+1 4 




3E 




3D 




3C 




38 




3A 




39 


d)9d,4 


38 




37 


<^I7 d|2 


36 


digdit 


35 




34 


d9d4 


33 


dedj 


32 


<*7<*2 


31 




30 




rde » 



Figure 169. Mapping of pre-coded Fixed Tag Data 
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Si 



halftegrmeCVl 





ORAM 




tdl.dlu.adr 


3129.. 


.-10 


uMjehijaat*-} 


6362.. 


..33 32 




9594.. 


..65 64 


(di-dlu.a*40 


\27 128.. 


.9796 



r ~]jcufr_write_adrfcufr^read_adf 



curT_write_adr*1A:uiT_read asir*\ 

I J ^— ► 





TE_taodata(127:0) 


27 26.. 


..10 


63 62.. 


..1 0 




6362.. ..10 




55 54.. 


..29 2£ 


127 128. . 


..65 04 




127 126.. ..65 64 




83 82 _ 


..57 56 


• 


1 






111 1tO_ 


..85 8^ 



TE^taodata(l11.^) TE^tagdata(1ll:0) 



ds d4 d2 d2 <io 



wradr(5:0) 



T^tagdataOiiH)) 



<k <'s <U <h ^ ^ 



j*ia ^12 <^ii dtod» dfl dy 




ds ^ <<3 <*2 



l^SO j H P7 P6 P5 P4 lb R2 Pi Po <l6 

Pis Pi4 Pia Pi2 Pi 1 Pio p» Pb 13 di2 di, d,o de d? 



dO to dl 3 are encoded and 8toff6d 
dvrlng cydas N Id N4-14 



T£.tagdata(fii.-0) 



d|8 d^a d|7 d|Q d|5 d|4 



<^ <^ 25 <^4 <^ d22 dj^ 



RSO 



* I P23 P22 P21 P20 Pl9 Pia Pt7 Pt6 ^20 <<19 ^tB <<17 die <*1 S <i|4 



~H P3<P30P29P2eP27P28P2SP24ti27<»26da5dg4d23d22d2i 



dl4 to d27 am encoded and storad 
during cycles N-t-IS to N429 




Figure 170. Coding and mapping of Variable Tag Data for (15.7) RS encoder 
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i3 



wiadf(5:0) 



TE_tagdata(111:0} 



dfl ds d4 d3 da do 



di3 d|2 dn dtpdg da <h 




P2 Pi Pq dfl d5 d4 dj d^ d, 



Pi5Pi4Pt3Pi2Pii P10P9 Pa dt3 d,2 d| , dio dg de dy 



dO to d13 are enooded and stored 
during eycfaa H to N-f 14 





P15P7 




P14P6 




P13PS 




Pl2 P4 




PH P3 




P10P2 




P9P1 




PaPo 










\i 


<^n ^ 




<*I0 <l3 




dg d2 








<i7 do 


oodeword? J ^ 

oodewoide — ' 



Figure 171. Coding and mapping of uncoded Fixed Tag Data for (15,7) RS encoder 
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haHlaglln«(V1 





TE^tagdata(127:0) 


1918.. 


..10 


63 82.. 


..10 


63 62 . . ..10 




3S38.. 


.. 21 2C 


127 126. . 


..6564 


127126.. ..6564 




59 58.. 


41 40 


• 


r 






79 78„ 


-61 6C 


> 


• 




99 93.. 


,. 81 e( 








119T18. 


M01 10( 



TE.tagdata(i 1 9:0) TE_tagdataCl 1 9:0) 



TE_tagdata(1 19K)) 



wradr(5:0) 






X X 


OD 


X X 


oc 


X X 


08 


X X 


OA 


X X 


09 


He H4 


08 


Ha H3 


07 


H7 H2 


06 


He H, 


05 


H5 Ho 


04 


L9 U 


03 


^ L2 


02 




01 




00 





oodewofd 1 
codeword 0 



0 r 



wradr(5:0) 



h24'24h23lz3h2al22H2lblh20b0 | 
»29^^b8f>27l27>1a6»a6t!25fas 



hx » lipper 2-bfts of aymbol x 
Ik B lower 2-blts of symbol X 

Hx « after 2D decoding (4-bits tong) 
L« « U after 20 decoding (4^>its long) 



2D Decoding 



Xadontcare 







00 


000 1 


01 


001 0 


1 0 


0100 


1 1 


1000 



X B dont care 



«vradr(5:0) 





X X 




X X 




X X 




X X 




X X 




H29 H24 




H28 H23 




H27 H22 




Hje H2t 




H2S H20 












L27 




L26 Lat 


20 




codewords ^ T 

codeword 4 ' 



Xs dont care 




codewords 

oodeword2 ' 



||1E 


X 


X 


10 


X 


X 


1C 


X 


X 


IB 


X 


X 


1A 


X 


X 


19 


H|9 


H,4 


18 


H|e 


H,3 


17 


H,7 


H,2 


16 


H,6 


H„ 


15 


H|5 


H,o 


14 


L19 


Ll4 


13 


Ms 


1-13 


12 


Li7 


«-12 


11 




L„ 


10 


Lis 


Mo 


t 



Figure 172. Mapping of 2D decoded Variable Tag Data 
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26.7.6 Reed Solomon (RS) Encoder 

26.7.7 Introduction 



riw™?rr/ • '^'^ 't * "'^^ » "y^^ol bits then there are q = 2™ pos- 

s.ble symbols de&ung the code alphabet. In the TE. m =4 so the number of possible symbols is q = 16 

Z nrfe^twtJ" ^5'°*''' code with k infoimation symbols and n code-woid symbols. RS codes have 
the property that the code word n is Imuted to at most q+1 symbols in length 

• TE_dataredun = 0 and TE_decode2den - 0, then use the (15,5) RS coder 

• TE_dataredun - 1 and TEjdecodelden = 0, then use the (1 5,7) RS coder 

^Z^^}^^^ code with m = 4, k 4-bit information symbols applied to the coder produce 15 4-bit code- 
the as the k input information symbols. jriiiuvia lae same 

A simple block diagram can be seen in. 



1 2 k-f h 

PM|i |4|i|«f3i4i : mgiamrnnm . 



RS (n,k) encoder 
symbol size m=4 



1 2 n-l n 



Figure 173. Simple brock diagram for an m=4 Reed Solomon Encoder 

26.7,8 MO Specification 

A I/O diagram of the RS encoder can be seen in. 



pfst_n 



enable 



T^dataredun 



Heed Solomon Encoder 



re,data,y f3:0] 



Figure 174. RS Encoder I/O diagram 

26.7.9 Proposed implementation 

In the case of the TE. (15.5) and (15,7) codes are to be used with 4-bits per symbol. 

The primitive polynomial is p(x) = x"* + x + 1 

In the case of the (1 5,5) code, this gives a generator polynomial of 

g(x) « (x-fa)(x+a2)(x+a3Xx+a^)(x+a5)(x+a*^(x+a^Xx+a8)(x+a^)(x4^^^^ 

g(x) = x^O + ^2^9 + ^3^8 ^ ^9^7 ^ ^6^6 + ^14^5 ^ ^2^4 ^^3^ ^6^2 ^^ + ^10 
' g(x)«^x'0 + gc,x^ + ggx«f g^x^ + ggx^ + g^x^ + g^x^ + g3x3 + g3x2 + g,x + go 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29T40V 2002 
Page 400 



SoPEC : Hardware Design 



In the case of the (1 5.7) code, this gives a generator polynomial of 

h(x) = (x+a)(x+a2)(x+a'Xx+«*Xx+a5)(x+a«)(x+a')(x+a«) 

h(x) = x« + ai V + aV + aV + aV + a> V + a^x* + a"x + a« 

h(x) = X« + hyx' + h<iX« + hjX* + h4X'* + hjX* + hjX^ + hjX + h© 

This division is accomplished using the circuit shown in Figure 175. 



ON) 




oontro<_5 
iiHtje2jt 




(9^(tenocas sn muRip8«r that 
RnAipSes GatoO FMd flieinents 

^denotes an adder (hat 
adds Galofs Field elements 



controL*— Jy 
TE_datanBdun 



n-datajnC3:Q) 




oodetMDid 
r»_<laJa_out(3:0) 



Figure 175. (15,5) & (15,7) RS Encoder block diagram 

The data in the circuit are Galois Field elements so addition and multiplication axe performed using special 
circuitry. These are explamed in the next sections. 

TJe RS coder can op^e either in (15,5) or (15,7) mode. The selection is made by the registers 

When operating in (15,5) mode controU is always zero and when operating in (15,7) mode controU is 
always zero. 

Firstly consider (15,5) mode i.e. TEJtataredun is set to zero. 
For each new set of S ioput symbols, processing is as follows: 

The 4-bits of the first symbol are fed to the input port rs_dataJn{Z :Q-) and control_5 is set to 0. mux2 is 
set so as to use the output as feedback. control_5 is zero so mux4 selects the input irsJUuaJri) as the out- 
put («_rfato_o«r). Once the data has settled (« 1 cycle), the shift registers are docked. TTie next symbol 
d, IS then apphed to the input, and again after the data has setUed the shift registers are clocked again. This 
Brep«,ted for Ae ne« 3 symbols rf^. rf, and *f^. As a result. 

io^l^n*^;^ registers now contain the next 10 required outputs. contn>l_5 is set to 1 for the next 

i^dr::i;vXTd<s^'t^rr^g^^:^ 



Doc: SoPEC_hardware,deslgn 
Version: 2.3 



S3 Proprietary Document 



2ffnov2002 
P&ge 401 



SoPEC : Hardware Design 



i3 



A timing diagram is shown below. 




coiilror_7 



Figure 176, (15,5) RS Encoder timing diagram 

Secondly consider (1 5,7) mode Le. TEJUuaredun is set to one. 

I^'ShTT'^'^^^^ '^'"f ^ ^^''^^-^ ^^y^ ^bile 7 symbols (rf^ rf, 

ThIc ,7" ^"""^ ^"^^ ^^^^^^ ^bols are fed to the output. Aft^^'tiese 7 

cycles. controUis set to 1 and the contents of the shift registers are fed to the output. 

A timing diagram is shown below. 




Figure 177. (15.7) RS Encoder timing diagram 
The enable signal can be used to start/reset the counter and the shift registers. 

b^n^^u^'^rtr "^J"" ^'^""^ ^"""^^ ^ ^ ^"^^'^ ^^S*^- After 15 symbols have 

be^e:^::^ ti:w^^^^ ^^^^^ ^ "^^^ ^'^'^ ^^^^^ ^ -^^^ ^^^^ - <^elay 

tli?^!!^''^^^' ""^"^ '^^^'^ ^""^^ ^^^^^ *^^c«ding will proceed untU it is 

outout a K f "^^^'^^ ^ '''^ ^^^^S this method, data can be continuously 

output at a rate of 1 symbol per cycle, even over a few codewords. 

Alternatively, the RS encoder can request data as it requires. 

The perfomiance criterion that must be met is that the following must be carried out within 63 cycles 

• *oad one tag's raw data into 7r_rfl^^Aj/a 

• encode the raw tag data 

• store the encoded tag data in the Encoded Tag Data Interface 

the case of the raw fixed tag data at the start of a page, there is no definite perfonnance criterion except 
that It should be encoded and stored as fast as possible. wtenon except 
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26.7.10 Galois Field elements and their representation 

A Galois Field is a set of elements in which we can do addition, subtraction, multiplication and division 
without leaving the set. 

The TE uses RS encoding over the Galois Field GF(2^). There are 2^ elements in GF(2^) and they are gen- 
erated using the primitive polynomial p(x) = + x + 1 . 

The 16 elements of GF(2^) can be represented in a number of diflFerent ways. Table shows three possible 
representations - the power, polynomial and 4-tuple representation. 

Table 129. GF(2'*) representations 







0 


0 


(0000) 


1 


1 


(1 00 0) 


a 


X 


(0 100) 






(0 010) 




x» 


(0001) 


a* 




(11 00) 


o» 


x+x^ 


(0110) 


a" 


x»+x' 


(001 1) 


a' 


1+X +X3 


(1101) 


a» 


1 +x» 


(1010) 


a" 


X +x» 


(0 101) 


a" 


1 + X + X* 


(1110) 


a" 


X + X^ + X' 


(0 111) 


a« 


1+X+X*+X' 


(1111) 


a" 


1 +x*+x' 


(10 11) 


a" 


.1 +x» 


(1 001) 



26.7.1 1 MuHipllcation of GF(2^) elements 

The multiplication of two field elements ct* and a** is defined as 
a? = a*.a^ = Q(a+b)inodulo 15 

Thus 

So if we have the elements in exponential form, multiplication is simply a matter of modulo 15 addition. 
If the elements are in polynomial/tuple form, the polynomials must be multiplied and reduced mod + x 

Suppose we wish to multiply the two field elements in GF(2'*): 
oc* « SLyx} + a2X^ + ajx^ + bq 
a^ = b3x3+b2x2 + b,x*+bo 



Doc: SoPEC.hardware.design 
Version: 2.3 



S3 Proprretary Document 



«9 Nov 2(X)2 
Page 403 



SoPEC : Hardware Design 



where ai, bj are in the field (0»1) (i.e. modulo 2 arithmetic) 
Multiplying these out and using + x + 1 = 0 we get: 

a*""^ = [(30^3 + aibj + ajb, + n^bo) + ajbjjx^ 

+ [(aob2 + a,bi + a2bo) + ajbj + (a3b2 + ^2hyl^^ 

+ [(aob, + ajbo) + (ajbi + ajbj) + (aib3 + ^2^2 + a3b,)]x 

+ [(aobo + a|b3 + a2b2 + ajb,)] 
a*^ = f aoba + ajb2 + aab i + a3(bo + b3)]x^ 

+ [aob2 + a,b, + Z20>0 + ^3) + ^3Q>2 + b3) 

+ [aob, + a,(bo + bj) + ajCbj + bj) + ajCb, + bz) ]x 

+ (aobo + ajbs + a2b2 + asb,] 

If we wish to multiply an arbitrary field element by a fixed field element we get a more simple form. Sup- 
pose we wish to multiply a" by cr . 

In this case = so (aO al a2 a3) =^ (0 0 0 1). Substituting this into the above equation gives 

ct^*=(bo + b3)x5 + (b2 + b3)x2 + (bi +b2)x + bj 
This can be implemented using simple XOR gates as shown in Figure 178 

b| .a" 







1 


J 

r 








r 









Cii ^ C| o» 

0 Mtusiwa OR gate 

Figure 178. Circuit for muftlprying by 

26,7.12 AddHion off GF(2*) elements 

If the elements are in their polynomialAuple form, polynomials are singly added. 
Suppose we wish to add the two field elements in GF(2^): 

a* = a3X^ + a2X^ + ajx + ao 

a** = b3X^ + b2x^ + bjx + bo 
where a^, bj are in the field (0,1) (i.e. modulo 2 arithmetic) 

C^ = a* + oc*'«(a3 + b3)x^+(a2+b2)x^ + (ai+bi)x + (ao + bo) 
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Again this can be implemented using simple XOR gates as shown in Figure 1 79 

l>» a, Bj aj b, a, th a. 



^ Sij*' 



S «>clusl««ORsaM 



Figure 179. Adding t«vo field elements 



26.7.13 Reed Solomon Implementation 



Tie designer can decide to create the relevant addition and muItipUcation circuits and instantiate them 
where necessary. Altenatively the feedback multiplications can be «,mbined as foU 
Coosider the multiplication 

or in terms of polynomials 

(a3x3 + a^x^ + a,x + ao).(b3X^ + b2X^ + b,x + bo) - (c^x^ + c^x^ + c^x + cq) 



Table 130. gC muftlpiled by all fleld eleitients, expressed in terms of a** 




r12 



(0000) 



(1 000) 



(0100) 



(0010) 



(0 001) 



(1 1 00) 



(0110) 



(001 1) 



(110 1) 



(10 10) 



(010 1) 



(1110) 



(0 111) 



(1111) 



(1011) 



(10 0 1) 



b2+b3 



b24b3 



bi+b2 



bo+bt+b3 



bo+bg 



bo+bi+b3 



bi+b3 



bo+^+^ 



bi+b24to3 



bo+b|4t>2+b3 



bi+bg 



bo+bg+b3 



b^+bg+bs 



bo+b|-M32-fb3 



bo+bi4b2 



bo+b, 



bo+bi-tl>2 



bo+b, 



the following signals are required: 
• bo,bi.b2, b3. 



bo 



bo^3 



br^ba 



bt-rt32 



bo4*i+b3 



bo^bj 



bi+ba 



bo-fb^^bs 



bvfbj+bg 



bg4b|+^+b3 



bo+bi+b2 



bo4*, 



bo 



bo4b3 



bl-H52 



bo+b^+b3 



bo+b2 



bi+b3 



bo4b2+b3 



bi-^b2+^33 



bo+fai+b2+b3 



bo+b]<i-b2 



bo+b, 



bo 
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• ( bo+b,), (bo+b2), (bo+bj), (b,+b2). (bi+b3), (b2+b3). 

• (bo-H>i+b2),(bo+bi+b3),(bo+b2+b3),(bi+b2+b3X 

• (bo-f*b,+b2+b3) 

The implementation of the circuit can be seen in Figure . The main components are XOR gates 4^bit shift 
registers and multiplexers. 

The RS encoder has 4 input lines labelled 0,1,2 & 3 and 4 output lines labelled 0,1.2 & 3. This labelling 
corresponds to the subscripts of the polynomial/4-tuple representation. The mapping of 4.bit symbols 
from the TE.tagdata register into the RS is as follows: 

- the LSB in the TE^tagdata is fed into lineO 

- the next most significant LSB is fed into linel 

- the next most significant LSB is fed into line2 

- the MSB is fed into line3 

^« ^ Encoded tag data interface is similiar. Two encoded symbols are stored in 

an 8*bit address. Within these 8 bits: 

- lineO is fed into the LSB (bit 0/4) 

- line 1 is fed into the next most significant LSB (bit 1/5) 

- Iine2 is fed into the next most significant LSB (bit 2/6) 

- Iine3 is fed into the MSB (bit 3/7) 
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r-T4 



4- 



b7 
bj*b3 



bz+ba 



bT^ba 
6b*b3 



bo*bi 
ba 
ba 




control_5 



go(a^^) 91 (a) 92 (a«) 93 («) 94 (a^) 95 (a'^) 96 (a^) 97 (a^) 98 (a^) ggC"^) 




ba^ 
bi 



tto*b, 
bj 



b,*ba 

bi-^b, 
btt*b2 
bo*b,*ba 



bi^b, ( 
b^b,*b2<«3 

btr^b2*b3 



rn4 



b,*b2 
bj^ 
bo*b3 



a 



br»b3 
Vbj 

bi 



«xcliislv« Oft oaia 



n.(tat«_in(3:0) 



Figure 180. RS Encoder Implementation 



r9_daia.out(3:0} 
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26.7.14 2D Decoder 

The 2D decoder is selected when TE^decode2dea - 1. It operates on variable tag data only, its fimction 
to convert 2-bits into 4-bits according to Table 131. nmcuon 

Table 131. Operatron of 2D decoder 



iS 



mi 




00 


0001 


01 


0010 


1 0 


01 00 


1 1 


1000 



26.7*1 5 Encoded tag data interface 



^oA^r^ t"^ ^'"""^f '''''''^ ^ ^''^^^ ^""^ ^ and an encoded variable 

tag data store interface, as shown in Figure 181. vmaoie 




advlag 



etdl 



etdO 



Figure 181. encoded tag data interface 
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The two reord units simply reorder the 9 input bits to map low-order codewords into the bit selection com- 
ponent of the address as shown in Table 132. Reordering of write addresses is not necessary since the 
addresses are already in the correct format. 

Table 132. Reord unit 



m 






'mm 






A 


select 1 of 8 codewords 


A 


select 1 of 4 codeword tables 


£9 


B 


B 


Ms 


C 


D 


select 1 of IS symbols 




D 


setect 1 of 1 5 symbols 


E 






F 




F 


G 




G 


C 


select 1 of 8 bits 




H 


seJect 1 of 4 bits 


H 




1 


1 



The encoded fixed data interface is a single 1 5 x 8-bit RAM with 2 read ports and I write port. As it is only ' 
written to during page setup time (it is fixed for the duration of a page) there is no need for simultaneous 
read/write access. However the iixed data store must be capable of decoding two simultaneous reads in a 
single cycle.Figure 1 82 shows the implementation of the fixed data store. 



nJAdfO : 



wrAdr ' 




outO 



-> outl 



Figure 182. encoded fixed tag data interface 

The encoded variable tag data interface is a double buffered 3 x IS x 8-bit RAM with 2 read ports and 1 
write port The double buffering allows one tag*s data to be read (two reads in a single c^cle) while the 
next tag*s variable data is being stored. Write addressing is 6 bits: 2 bits of address for selecting 1 of 3, and 
4 bits of address for selecting 1 of 15. Read addressing is the same with die addition of 3 more address bits 
for selecting 1 of 8. 

Figure 1 83 shows the implementation of the encoded variable tag data store. Double buffi^ing is imple- 
mented via two sub-buffers. Each time saiAdvTag pulse is received, the sense of which sub-buffer is being 
read from or written to changes. This is accomplished by a 1-bit flag called wrsbO. Although the initial 
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advl^g - 




outO 



-► ouM 



Figure 183. Encoded variable tag data interlace 




Figure 184. Encoded variable tag data sub-buffer 
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26.8 Tag Format Structure (TFS) Interface 



26.8.1 Introduction 

The TFS specifies the contents of every dot position within a tags border i.e.: 

• is the dot part of the background? 

• is the dot part of the data? 

The TFS is broken up into Tag Line Stnictures (TLS) which specify the contents of every dot position in a 
particular line of a tag. Each TLS consists of three tables - A, B and C (see Figure 1 85). 

For a given line of dots, all the tags on that line correspond to the same tag line structure. Consequently for 
a given line of output dots, a single tag line stnicture is required, and not the entire TFS. Double buffering 
allows the next tag line stmcnae to be fetched from the TFS in DRAM while the existing tag line structure 
is used to render the current tag line. 

The TFS interfecc is responsible for loading the appropriate line of the tag format stmcture as the tag 
encoder advances through the page. It is also responsible for producing table A and table B outputs for two 
consecutive dot positions in the current tag line. 



31 



TH_tfsstaf1adrj 



I 



Tag Format StructurBl 
for tag X 



The number of dot tir^ 

InaTag-fVfl 

l.e. TetgHBlght^ iv4-i 



T^tfsendadr 



TLS X JO 



TLSX-1 



TLSX-2 



TLSX^n 



TLS X^-1_0 



TT-SX+1 1 



TLSX-H_2 



TUSX4>1_n 



TabfeA 

24xa2<bits»7ea4)its 
<384 entries x 2-bit5) 



T able B 

0 X 3243lts-*2884>lts 



f 0 9 10- 31 



23 
24 



32 



Tat)leC 
lOOcts 

(2 entries x 5-btt8) 



22-bils reserved and unused 



Figure 185. Breakdown of th0 Tag Format Structure 

• There is a TLS for every dot line of a tag. 

• All tags that are on the same line have the exact same TLS. 

• A tag can be up to 384 dots wide, so each of these 384 dots must be specified in the TLS. 

• The TLS information is stored in DRAM and one TLS must be read in to the TFS IntCTface for each 
line of dots that are outputted to the Tag Plane Line Buffers. 

• Each TLS consists of 17 64-bits words. This is read from DRAM as 5 times 256-bit words with 192 
padded bits m the last 256-bit DRAM read. 

26.8.2 I/O Specification 

Table 133. Tag Format Structure Interface Port Ust 
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In 


SoPEC system dock 
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Table 133. Tag Format Structure rnterface Port LJst 




tflu_tfs_rack 



diu_tfs_fvalid 



tfs_diu_rreq 



tfs_diu_fadr(21:5I 



In 



Out 



Out 



Data acknowledge from ORAM 



Data valid from DRAM 



Read request to DRAM 



Read address to DRAM 



tag encoder top level 



top.advtagHne 



top^tagaltsense 



topjastdotintag 



top_dotposvafid 



top_tagdotnum[7:0] 



tfsi_vaild 



tfeLtajdotO[l:OJ 



tfsLta,dot1[1:0] 



rn 



In 



In 



In 



Out 



Out 



Out 



tag encoder top level (PCU read decoder) 



Puteed after the last line of a row of tags 



For even tag rows = 0 I.e. 0^,4.. 
For odd tag rows = 1 i,e. 1,3^... 



Last dot in tag is currently being processed 



Current dot position is a tag dot and Its structure data and tag data Is 
available ^ 



Counts from zero up to TE^tagmaxdotpairs <min. max> = 192) 



TLS tables A> Band C, ready for use 



Even entry from Table A correspontfng to top^tagdotnum 



Odd entry from Table A corresponding to top^tagdotnum 



tfe_te^tfsstartadft23 X)| 



tfs_te,tfsendadit23.-0] 



tfs_te_tfefirstlineadrf23.t)l 



tf8^te^currtfeadft23.-0] 



TDI 



Out 



Out 



Out 



Out 



TPS tfsstartadr register 



TFS tfisendadr register 



TFS tfsfirstfineadr register 



TFS currtfsadr register 



tfeLtdi.adrO{8:0] 



tfeLtdi,adr1{e:03 



Out 



Out 



Read address tor dotO (even dot) 



Read address tor doti (odd dot) 
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26.8.2.1 State machine 

The state machine is responsible for generating control signals for the various TFS table units, and to load 
the appropriate line from the TFS, The states are explained below. 

idle:- Wait for top^o to become active. Pulse advjtfsjine for 1 cycle to reset tawradr and tbwradr regis- 
ters. Pulsing advjtfsjine will switch the read/write sense of Table B so switching Table A here as well to 
keep things the same i.e. wrtaO = NOT(wrtaO). 

diu_access> In the diu_access state a request is sent to the DIU. Once an ack signal is received Table A 
write enable is asserted and the FSM moves to the tlsjoad state. 

'^Joad:- The DRAM access is a burst of 5 256-bit accesses, ultimately returned by the DIU as 
I 5*(4*64bit) words. There will be 192 padded bits in the last 256.bil DRAM word. The first 12 64-bit 

words reads are for Table A, words 12 to 15 and some of 16 are for Table B while part of read 16 data is for 
Table C The counter read_num is used to identiJy which data goes to which table. The table B data is 
stored temporarily in a 288-bit register until the tls^update state hence tbwe does not become active until 
read_num» 16). 

• The DIU data goes directly into Table A (12 ♦ 64). 

• The DIU data for Table B is loaded into a 288-bit register 

• The DIU data goes directly into Table C. 

tb_update> The 288-bits in Table B need to written to a 32*9 buffer. The Us^update state takes care of this 
using the read^num counter. 

tls^next,- This state checks the logic level of tfsvalidand switches the read/write senses of Table A (wrtaO) 
and Table B a cycle later (using the advjtfsjine pulse). The reason for switching Table A a cycle early is 
to make sure the topjevel address via tagdotnum is pointing to the correct buffer. Keep in mind the 
topjevel is working a cycle ahead of Table A and 2 cycles ahead of Table B. 

If tfsValid is 1. the state machine waits until the odvTagLine signal is received. When it is received, the 
state machine pulses advTFSLine (to switch read/write sense in tables A, B, C), and starts reading the next 
line of the TFS from currTFSAdr. 

U tfsValid is 0, the state machine pulses advTFSLine (to switch read/write sense in tables A. B, C) and then 
jun^js to the tls_tfsvalid.sct state where the signal tfsValid is set to 1 (allowing the tag encoder to start, or 
to continue if it had been stalled). The state machine can then start reading the next line of the TFS from 
currTFSAdr. 

tls_tfsvalid_next:- Simply sets the tfsvalid signal and returns the FSM to the diu.access state. 



If an OdvTagLine signal is received before the next line of the TFS has been read in, tfsValid is cleared to 0 
and processing continues as outlined above. 
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The TFS state flow diagram is shown in below.. 



idle J 



too no = 1 



■-»^ dlu^access ^ 



tfevalM ^ 1 /^i^p 
ton advtegffnft^- | 



^ tlsjoad ^ 



leacUuuzLsJfi 



^ tfs,update ^ 



read mim ^ 



tls_ 


' N 

next J 




tfe valid =Q 







— " 

■^tfs_tfsvand_set^ 



26.8.3 



Figure 186. TFSI FSM State Flow Diagram 
Generating a tag from Tables A, B and C 
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s?ssrr^ * --^ ■ ^ - 

Table t34« tnterpretation of bJtO irom entry In Table A 

















0 


the output bit comes directfy from biti (see T 


able). "^"^ irrrrfr-'TTr"^'! 


1 


"^^^^J^^ ' conjunction «rith Tao Una 
StrueturaTaWeB to determrno which data bit will be output 



Table 135. Interpretation of bHI from entry In table A when bitO = 0 



output 0 
output 1 



i!! ^^^^.,'!!^'' ' ?^"''" entrylnta ble A when bItO = 1 

^^^^^ 
output data bit pointed to by current index mto Taijfe B 



ou»ut daia bit^ted to by current index Into Table B. and advance index bv 1 



wai advance through the various Table B entri«! ^ ^^'^ ^""^ 

Each Table B entiy is 9-bits long and each points to a specific variable or fixed date hit a- ♦» c u 

S-blS^SS^^' ^ '^"^ ^ T**'" ^ intetpretation of the 



Table 137. Interpretation of 9-blt tag data address in Table B 




CodeWordSelect 



Select 1 of 8 codewords. 
Codewords 0. l , 2. 3. 4. 5 are variable data 
Codewords 6. 7 are fixed data. 
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SymbolSelect 



BrtSeiect 



Table 137. Interpretation of S-blt tag data address in TabJe B 

Select 1 of 15 symbols (1111 invalid) 



Select 1 of 4 bits frem the selected symtMls 



If Ae fixeddata IS supplied to the TE in an unencoded form, the symbols derived from codeword 0 of fixed 
^7 r**!" '° "^""^ ^ "^^^'^ fi^-n fix^ data codeword T SlTten to <Sfc 

word 7 n:e data symbols are stored fct and then the remaining redundancy s^b^^^ped ^ 
wards, for a total of 5 symbols. Thus, when 5 data symbok are the 5 sySiordSerfrJm bi^stlJ 
are wnttcn to symbols (M. and the redundancy symbols are writtento symbok 5-14 7 ZsSitu 

::^^o*;:r?,r"^^*'"^"'"*^^^'--^«^°- 

However, if the fixed dato is suppUed to the TE in a pre-eacoded fonn. the encoding could theoreticallv be 
anythmg. Consequemly the 120 bits of fixed data is copied to codewo;ds 6 and 7 as sh,^* TaSfefsS 



Il^l^ """f .Tf ^ *° codeword/symb ols when no redundancy encoding 









0-19 


0-4 


6 


20-39 


0-4 


7 


40-59 


5-9 


6 


60-79 


5-9 


7 


80-99 


10-14 


6 


100-119 


10-14 


7 



It is important to note that the interpretation of bitl from Table A (when bitO - 1) is relative A 5-bit index 

^2Se*S^?"?K*' '^'^ '^''■r " ^^"^ ^ apaiticularlSLy or^y^t 

^. u ^ 1 '^^'.'^ ""^"^ •^'^ Table B is needed. Subsequences on Ae 

^reZ^^^TuX ^ of 0. and any partial tag at the end of a line s^Ty 
before the cnnre tag has been rendered. TTie iniHal index required due to the rendering of a nartid tae at 

possible minal indexes smce there are effectively two types of rows of tags in terms of initial offsets 
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26.8.4 Architecture 

A block diagram of tfie Tag Format Structure Interface can be seen In Figure 187. 



tagOotNum 



datain 



, readAdr 



control 



tfs Valid 



taoAftSense 



l astDoMnTag 



advTagUne 



a 

64 



17 



state 
machine 



taRdAdr 



TFS Ifitsrface 



table A 
intertioa 



/''2taEven y^2taOdd 



19(Hts32-41^ 



4- 



->t30dd 



table C 
interfeice 



I tbwe I 

i I 1 



' tCWQ 



-^taEven 



.dotsRosyaUd 



table B 
intertaoe 



^ etdRdAdrO 



^etdRdAdrl 



Figure 187, TFS Block Diagram 
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26.8,4.1 Table A interface 



ous table A M,tri^c\ tk .k t, a • w " ^ representing 2 contigu- 

ous table A enm^e^^Jhe other RAM ,s being written to with the next line's table A dm (64-bite at a S). 



8dvTFSLIne_ 



taRdAdr 



4^ 



tfatarn 



64 



AdrGen 



Table A 
Interface 




fldr. 



datain 



16x64^ 
table A (0) 



hi 



datafn 



16x64-bits 
tableA(l) 



<a_<l«0_lcyclahtcr 
■^dotl.lcycldater 

7^ ► 



2jbte 1&0) taE ven 
V — ► 

ambits 3&2) tsO dd 



ii - — ---»--_J _ _ _ « 



Rgure 188. Table A interface block diagram 

J2?of^J aM*^.k° ^ = °> "^""^ ^ t«>P-'^«' 2 ^cles after the 

E^ce 5X^d^«ri^ri2f i f r^S^un^ Table A and xS^le B outpS 

hence tills extra legisteruig stage for the generation of ta_dotO_lcyclelater and ta_dotl_l^ 
ach time m AdvTFSLine pulse is received, the sense of which RAM is beine read from or wri««, to 
cto.^ This is accomplished by a 1-bit flag called .rtaO. Althou^ t^X^ti^ao L iSt^t 
TdS forST" ^-y^'- pulse. A 4-bit colLiter caUed taWrA^S^^^ 

TTie tawe (table A wnte enable) input is set whenever the data in is to be written to table A TTieto^S 



advTFSLine - 



wrtaO 
0 bit) 



table A 



_J_ rTV^tt-fc taWrAdr 
— ■ ^ ^ (4 bits) 



WrtaO 



-> taWrAdr 
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26.8.4.2 Table Cinterface 

A block diagram of the table C interface is shown below in Figure 190. 



tcwe 



tagAltSense 



advTFSUne 



dotPDsX^iid 



datatn 



lastOottnTay 



10 



table C 



» (10 bits) 



mo 



Inl 



AdiGen 



atSraSblta) — U 



r: 

^ 



mRdAdrl 
► 



tbRdAdrO 
► 



Figure 190. Table C interface block diagram 

The address generator for table C contains a 5 bit address register arfr that is set to a new additsss at the 
^ of processing the tag (either of the two table C initial values based on iagAitSense at the start of the 
line and 0 for subsequent tags on the same line). Each cycle two addresses into table B are generated 
ri^/'l/ !r^J:J!^^"^ ^^i"^"^ ^ inSection 139. the output address tbRdAdrO is 



Table 139- AdrGen lookup table 
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00 
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00 
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X 
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01 


00 
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X 
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01 


01 
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01 


10 
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X 
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01 


11 
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adr 


adr+l 
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X 
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01 


X 
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adr 
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X 
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X 
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edr+1 
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00 
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adr+1 


11 
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adr+1 


adr+1 


11 


10 


adr 
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adr+1 


11 


11 
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adr+1 


adr+2 
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26.8.4.3 Table B interface 



^LTl",^ u>terface implementation generates two encoded tag data addresses (tfsLadrO, tfsi adrl) 
V^^tm "'^ mdAdrO, tbRMdrl). A block diagram of table B can be T 



' seen in 



tbRdAdiOi 



ttRdAdm 



advTFSUne i 



nead ^num 



(from TPS F^) 



tfatafn* 



64 



tbwradr 



1 



AdrGen 



2e8-btt 
table B 
temp fCQ 



^1 



10 
7^ 



' adrO. 



_Sy adii ^ 
datein. 



32x9^its 
taUe subd (0) 



J^dataln^ 



32x9-faits 
table s4ibB <1) 



table B 



LadiO 



Ladrl 



Figure 191. Table B interface block diagram 

Table B dam is initiaUy loaded into the 288.bit table B temporary register via the TFS FSM. Once all 288- 
blLSTn^b^d^"^" ^"^^"^ ^^"""^ the data is written in 9-bit chunks to the 32*9 register arrays 

Each timean AdvTFSLine pulse is received, the sense of which sub buffer is being mad from or written to 
changes. This is accomplished by a l-bit flag called wrtbO, Although the initial state of wrtbO is inelevant 
It must mvert receipt of an AdvTFSLine pulse. 

' Note:- The output addresses from Table B are registered. 
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27 Tag FIFO Unit (TFU) 

27.1 Overview 

I!!f n'^Tl^ ^T'*!' ^ """"^ " transfen^d between the Tag Encoder fTE) 

f i*^* ^"^'""^ mechaiusm and controls from both units, the itJerface is cleS 
between the data user and the data generator. 

The TFU is a simple FIFO interface to the HCU, The Tag Encoder will provide support for arbitrary Y 
L rtffr^r to 1600 dpi X integer scaling of the tag dot data is peifLied at^e^m o^^F^ 
in the TFU There is feedback to the TE from the TFU to allow stallL of the TE durinHa line ^Vte 
mterfi^ces to the TFU with a data width of 8 bits. The TFU interfaces to the HcS withTSa J?f 
The depth of the TFU FIFO is chosen as 16 bytes so that the HFC can store a single 126 dot tag. 

27.1 .1 Interfaces between TE, TFU and HCU 



TE 



t©_tfu_wdata 



te_tfu_wdata alW 



tfu.te.oktowfite 
N — ' 



te_tfu_wra<Jv 



TFU 



FIFO 



hcu_th _f dvdot 





.tdata . ^ 




.avail 

# 



HCU 



Figure 192. Interfaces between TE. TFU and HCU 

27.1.1.1 TE^TFU interface 

The interface from the TE to the TFU comprises the following signals: 

• f^Jtfu^wdata^ 8-bit write data. 

• tejtfu^wdatavalid, write data valid. 

• te_tfii_wradvline, accompanies the last valid 8-bit write data in a line. 
The interface from the TFU to TE comprises the following signal; 

• tfu_te_pktoymte, indicating to the TE that there is space available in the TFU FIFO. 

IS i?t ^S^^^^""^ ^^"^ ^ If "^^^ tfu^te^okto^te output bit is set. TTie TE write 

will not occur unless data is accompamed by a data valid signal. 



27.1.1.2 TPU-HCU Interface 

fiterface fr< 
tju__hcu_t 

t/uJicu_avaiL data valid signal indicating that there is data available in the TFU FIFO. 



The interface from the TFU to the HCU comprises the following signals* 
• tfujicu_tdata, 1 -bit data. 
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The interface from HCU to TFU con^rises the following signal: 
• hcu^tfu^ready, indicating to the TFU to supply the next dot. 



27.1.1.2.1 X scaring 



Tag data is replicated a scale factor (SF) number of times in the X direction to convert the final output to 
1600 dpi. Unlike both the CFU and SFU, which support non-integer scaling, the scaling is integer only. 
Replication in the X direction is performed at the output of the TFU FIFO on a dot-by-dot basis. 
To account for the case where there may be two SoPEC devices, each generating its own portion of a dot- 
hne the first dot in a line may not be replicated the total scale-factor number of times by an individual 
TFU. The dot will ultimately be scaled-up correctly with both devices doing part of the scaling, one on its 
lead-out and the other on its lead in. 

Note two SoPEC TEs may be involved in producing the same byte of output tag data straddling the print- 
head boundary. The HCU of the left SoPEC will accept from its TE the correct amount of dots, ignoring 
my dots in the last byte that do not apply to its printhcad The TE of the right SoPEC wUl be programmed 
^orrect number of dots into the tag and its output will be byte aligned with the left edge of the print- 
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27.2 Definitions of I/O 

Table 140. TFU Port List 











pdk 


1 1 


1 ^'^ 


1 SoPEC Functional dock. 


prst_n 


1 1 


I 


1 Global reset signal. 


PCU Interface data and controJ signals " ' — 


pcu_addfl3:2| 


2 


In 


PCU address bus. Only 2 bits are required to decode the 
address space far this block. 


pcu_dataotit[31:0) 


32 


In 


Shared write data bus from the PCU. 


t^-Pcu_datain{31 rOJ 


32 


Out 


Read data bus from the TFU to the PCU. 


pcu.fwn 


1 


in 


Common read/not-write signal from the PCU. 


pcM_tfu_sel 


1 


In 


Block select from the PCU. When pcu_tfu_saf is high both 
pcu^addrand pcu^daiaout eje valid. 


lfu_pcu_fdy 


1 


Out 


Ready signal to the PCU. When tfu_pcu__niy is high it indi- 
cates the last cyde of the access. For a write cyde this 
means pcicdateouf has been registered by the block and 
for a read cyde this means the data on tfujKVidataln is 
vafid. 


1 1 interface data and control signals ' — 


te.tfu_wdala(7«] 


8 


In 


Write data for TFU FIFO. 


te_tfujiwlatavalid 


1 


In 


Write data valid signal. 


tejtlii.wradvline 


1 


In 


Advance Une signal stnabed when the last byte In a line Is 
placed on te^tfu^wdata 


tfu_to_oktowrite 


1 


Out 


Ready signal indicating TFU has space available In ITs FIFO 
and is ready to be written to. 


HCU Interface data and control signals ~ 


hcu_tfu.advdot 


1 


In 


Signal indicating to the TFU that the HCU is ready to accept 
the next dot of data from TFU. 


lfu_hco_tdata 


1 


Out 


Data lifom the TFU FIFO. 


tfii.hcu.avail 


1 


Out 


Signal Micating vaBd data avaUable from TFU RFO. 



27.3 Configuration Registers 



Table 141. TFU Configuration Registers 



Control reglsti 










srs — 


0x00 


Reset 


1 


1 


A write to this register causes a reset of 
the SFU. 

This register can be read to indk»te the 
reset state: 

0 - reset in progress 

1 - reset not in progress. 
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Table 141. TFU Configuration Registers 





Setup feoisters (eontant during processing of page) 



Writing 1 to this register starts the TFU. 
Writing 0 to this register halts the TFU. 
When Go is deasserted the state- 
rnachines go to their idle states but all 
counters and oonfigumtioh registers keep 
their values. 

When Go is asserted all counters are 
reset, but configu ration registers keep 
their values (i.e. they don't get reseQ. 
The TFU must be started before the TE Is 
started. 

This register can be read to determine if 

the TFU is running 

(1 s running, 0 = stopped). 



0x08 



OxOC 



0x10 



0x14 



XScale 



XFiracScale 



TEByteCoum 



HCUDotCount 



12 



15 



Tag scale factor In X direction. 



Tag scale factor in X direction for the first 
dot in a line 



The number of bytes to be accepted from 
the TE per line. Once this number of bytes 
have been received subsequent bytes are 
ignored untif there is a strobe on the 
to^tfu_wmcMIne 



The nunnber of (optionaily) x-scaled dots 
per line to be supplied to the HCU. Once 
this number has been reached the remain- 
derofihe current FIFO byte is ignored. 



27.4 Detailed description 

S^'^ 1" ^ ^'^y^ ^""^ ^ PO^^^^ and a contents stonj. Figure 193. 16 bytes 

IS sufBcient to store a single 1 26 dot tag. ^ i^^. to oyies 

i^TlISr TEByteCaunt bytes is read into the FIFO. All subsequent bytes are ignored untU there 

IS a strobe on the te^tfu^wradvline signal, whereupon bytes for the next line are stored. 

of 7/Cl/DorCo«/,r dots aie produced at the output. Once this count is reached any 

ofZtTf?\ S-^^c T""'*^ P"^^^^ first dot in dK. next Hn^J^S 

of line scale factor, XFracScale^ is used. 
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bdow^^'^''"^ ^^^^^^"^ ^'^^ ''''''^^ ^'^^ ^^'^'^ '^^ is detailed 

FMbWrPtr . 



V ► tftj_hcu_tdata 



" FJfoRdPtr 

Figure 193. 16-byte FIFO in TFU 

// Concurrently Executed Code: 

// ^ -iways allowed to write when there's either (a) roam or (b) no room and all 
// bytes for that line have been received 

" ^fZlt^^tLll/t'r^' ^'^ <rifoCaC..s « Ki.oHax ^ BytoToRx 0„ then 
else 

tfu_te_o)ctowrite = 0 

^ciie:r:uiot: "t. rr-n^" ^ 

if (FifoCntnts 0> AND (BitToTx 1= 0)then 

tfu_hcu_avail s i 
else 

tfu_hcu_avail « 0 

// Output mux of FIFO data 
t£u».hcu„tdata « Pifo [FifoRdPnt} (RdBit:} 

// Sequentially Executed Code: 

" " V (FifoCntnts .= FifoMax) AND (ByteToRx != 0) then 

Pi£o(FiCoWrPnt] « te_tfu_wdata 
PifoWrPnt 
FifoContents 
ByteToRx — 

if Cte_tfu_wradvline 1) then 
ByteToRx = TEByteCount 

if (hcu^tfu^advdot =» 1 and FifoCntnts != 0) then ( 
BitToTx ♦+ 

if (RepFrac == 1) then 
RepFrac = Xscale 
if (RdBit = 7> then 

RdBit = 0 

FifoRdPnt ■^♦ 

FifoContents — 
else 

RdBit^^ 

else 

RepFrac - - 
if (BitToTx ^= 1) then ( 

RepFrac = XFracScale 

RdBit = 0 

FifoRdPnt + 

Fif ocontents-- 

BitToTx = HCUDotCount 

) 
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S5 



Uxe «ad and write-pointer in the same cycle, the lifo contend counter r^^t^" ""^'^ 
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28 Halftoner Compositor Unit (HCU) 



28.1 Overview 



The Halftoner Compositor Unit (HCU) produces dots for each nozzle in the destination printhead taking 
account of the page dimensions (including maigins). The spot data and tag data are received in bi-level 
form while the pixel contone data received from the CFU must be dithered to a bi-level representation. The 
icsultant 6 bi-Ievel pbnes for each dot position on the page are then remapped to 6 output planes and out- 
(DNC) *° ^ ^ ^ P™«^ Pipe'^e. namely the dead nozzle compensator 



28.2 Data flow 



Figure »94sho^ a simple dot data flow high level block diagram of the HCU. TTie HCU reads contone 
data from the CFU. b.-level spot data from the SFU. and bi-level tag data from the TFU. Dither matrices 
are read from the DRAM via die DIU. The calculated output dot (6 bits) is read by the DNC 
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Figure 194. High level block diagram showing the HCU and its external interfaces 

The HCU is given the page dimensions (including margins), and is only started once for the page. It does 
not need to*e programmed in between bands or restarted for each band. The HCU will staD appropriately 
If Its input buffere are starved. At the end of the page the HCU wiU continue to produce 0 for all dots as 
long as data is requested by the units Anther down the pipeline (this allows later units to convenienUy flush 
pipelmed data). 

TTie HCU performs a linear processing of dots calculating the 6-bit output of a dot in each cycle. The map- 
pmg of 6 calculated bits to 6 output bits for each dot allows for such example mappings as compositing of 
the spotO layer over the appropriate contone layer (typically black), the merging of CMY into K (if K is 
present mUie pnnthead). the splitting of K into CMY dots if there is no K in the printhead, and the gener- 
ation of a fixative output bitstream. ""sgBacr 
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28.3 DRAM STORAGE REQUIREMENTS 

SoPEC allows for a number of different dither matrix configurations up to 256 bytes wide. The dither 
I matrix is stored in DRAM. Using cither a single or double-buffer scheme a line of the dither matrix must 

be read in by the HCU over a SoPEC line time. SoPEC must produce 13824 dots per line for A4/Letter 
printing which takes 13824 cycles. 

The following give the storage and bandwidths requirements/or some of the possible configurations of the 
dither matrix. 

• 4 Kbyte DRAM storage leqmred for one 64x64 (preferred) byte dither matrix 

• 6.25 Kbyte DRAM storage reqxiired for one 80x80 byte dither matrix 

• 16 Kbyte DRAM storage required for fom- 64x64 byte dither matrices 

• 64 Kbyte DRAM storage required for one 256x256 byte dither matrix 

Note that regardless of the width of the dither matrix, 256 bytes are always read from DRAM for each line. 
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28.4 Implementation 

A block diagram of the HCU is given in Figure 195. 
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Figui^ 195. Block diagram of the HCU 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



« Nov 2002 
Page 429 




SoPEC : Hardware Design 

! 

28.4.1 Definition of I/O 



Table 142. HCU port list and description 





MS 




Clocks and reset T-iirrmr 


pdk 


1 1 


In 


System dock. 


prst_n 


1 1 


in 


System reset, synchronous active low. 


PCU Interfece " — ~ 


pcu.ficu_sei 


1 


In 


Block select from the PCU. When pcu_hcu_seH3 high both 
pct(_adrand pcu cTaeaouf are valid. 


pcu.mn 


1 


In 


Common read/hot-wrHe signal from the PCU. 


pcu_adr(7:2] 


6 


In 


PCU address txjs. Only 6 t>f ts are required to decode the 
address space for this block. 


pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU. 


hcu_jxxj_rdy 


1 


Out 


Ready signal to the PCU. When /loujxxc/oy is high It indicates 
the last cycle of the access. For a write cyde this means 
poi^dataout has been registered by the Wock and for a read 
cyde this means the data on hcu_j)cu data is valid- 


hcu_pcu_data{31 :0] 


32 


Out 


Read data bus to the PCU. 


DIU Interface ' 


hcij_dlu_rreq 


1 


Out 


HCU read request, active high. A read request must be accom- 
panied by a vaPid read address. 


dii|_hcu_rack 


1 


In 


Acknowledge from DIU. active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address t)us. hcujcHu^raidr. 


hcu_diu.radi(2l:5} 


17 


Out 


HCU read address. 17 bits wide (256-bit aOgned word). 


diu_hcu_rvalid 


1 


In 


Read data valid, active high. Indicates that valkf read data is 
now on the read data bus. dsu data. 


diu^dataieaX)] 


64 1 In 


Read data from DIU. 


CPU inteitace 


cfiijhcu_avall 


1 


In 


Indicates valid data presem on cfu hcu c{3-0]data lines. 


cfu_hcu_cOdatar7:0] 


8 


In 


Pbcel of data in contone plane 0. 


chi_hcu_cldata(7.-0) 


8 


In 


Pixel of data in contone plane 1. 


cfuuticu_c2data[7:0] 


8 


In 


Pixel of data in contone plane 2. 


clu_hcu_c3data(7:0J 


6 


In 


Pixel of data in contone plane 3. 


hcu_cfu_advdol 


1 


Out 


Informs the CFU that the HCU has captured the pixel data on 
cfu^ficu^cfa-CJdata Unes and the CFU can now place the next 
pixel on the data Unes. 


SRI Interface 


8fu_hcu_avail 


1 


In 


Indicates valid data present on sfu_hcu_sdata. 


8fu_hcu_sdata 


1 


tn 


Bi-level dot data. 


hcu_sfu_advdol 


1 


Out 


Infonns the SFU that the HCU has captured the dot data on 
sfu^hcu^sdata and the SFU can now place the next dot on the 
data line. 


TFU Interface 


tfu_hcu_avafl 


1 


In 


Indicates valid data present on tfu_hcu^ldata. 


tlu_hcu_tdata 


1 


In 


Tag dot data. 
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Table 142. HCU pott list and description 











hcujlfu_advdQt 


1 


Out 


Informs the TFU that the HCU has captured the dot data on 
tfu_^hGu^idata and the TFU can now place the next dot on the 
data line. 


DNC interface 


dnc_hcu_ready • 


1 


In 


Indicates that DNC is ready to accept data from the HCU. 


hcu.dnc^avail 


1 


Out 


Indicates valid data present on hcu dnc data. 


hcu_dnc_data[S:0] 


6 


Out 


Output bi-level dot data in 6 ink planes. 



28.4^ Configuration Registers 

The configuration registers in the HCU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registere in die 
HCU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
HCU. When reading a register thai is less dian 32 bits wide zeros should be returned on the upper unused 
bit(s) of hcu^pcu^data. The configuration registers of the HCU are listed in Table 143. 



Table 143. HCU Registers 



^^^^^ 




m. 


WW 




Control regfste 


rs 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the HCU. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the HCU. Writing 0 to 
this register halts the HCU. 
When Go Is asserted all counters, flags etc. are 
cleared or given their initial value. Injt configuration 
registers keep their values. 

When Go is deasserted the state-nxachines go to their 
kJle states but all counters and oonflgumtfon registers 
keep their values. 

The HCU should be started after the CFU, SFU. TFU. 
and DNC. 

This register can t>e read to determine if the HCU is 
running 

(1 = running. 0 = stopped). 


Setup registers (constant for during processing) 


0x10 


AvallMask 


4 


0x0 


Mask used to determine which of the dotgen units etc. 
are to be checked before a dot is generated t>y the 
HCU within the specified margins tor the specified 
color plane. If the specified dotgen unit Is stalled, then 
the HCU will also stall. 

See Table 144 Ibr bit alhx:atlon and definKton. 


0x14 


TMMask 


4 


0x0 


Same as AvallMask, tx/t used in the top margin area 
before the appropriate target page is reached. 


0x18 


PageMarginY 


32 


0x0000_ 
0000 


The first line considered lo be off the page. 


0x1 C 


MaxDot 


16 


0x0000 


This Is the maximum dot number • 1 present across a 
page. For example if a page contains 13824 dots, 
then tAaxDot will be 1 3823. 
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Table 143. HCU Registers 













0x20 


TopMargIn 


32 


OxOOOO_ 
0000 


TYlA flrfit lina on a'rvinA tn iwioiHArnrf uWfhin *Ka 
• tiv •■•91 iHio u(i d uj ^WISnUOiOu Wlljlin irlG 

target page (or contone and spot data. (0 s first 
printed line of page) 


0x24 


BotlomMarQin 


32 


0x0000^ 
0000 


The first One in the target bottom margin for contone 
and spot data (i.e. first line after target page). 


0x28 


LeftMargin 


16 


0x0000 


The first dot on a line vdthfn the target page for con- 
tone and spot data. 


0x2C 


RightMargin 


16 


OxFFFF 


The first dot on a tine within the target right margin for 
contone and spot data. 


0x30 


TagTopMargin 


32 


0x0000 
0000 


The first tine on a page to be considered within the 
target page for tag data. (0 s first printed line of page) 


0x34 


TagBottomMargin 


32 


0x0000. 
0000 


The first Bne In the target bottom margin for tag data 
(i.e. first Dne after target page). 


0x38 


TagLeftMargin 


16 


0x0000 


The first dot on a tine wHhin the target page for tag 

data. 


0x3C 


TagRightMargin 


16 


OxFFFF 


The first dot on a line within the target right margin for 
tag data. 


0x40 


DMReadEnable 


1 


0x0 


1 if a dither matrix is specified 
0 if a dither matrix is not specified. 


0x44 


StartDMAdr 


17 


OxO_ 
0000 


Points to the first 2S6-b!t word of the first line of the 


0x46 


EndDMAdr 


17 


0x0_ 
0000 


Points to the last Z56-btt word of the last line of the 
dither matrix in DRAM. 


0x4C 


Linelncrement 


5 


0x2 


The numtwr of 256-bit words in ORAM from the start 
of one line of the dither matrix and the start of the next 
line, i.e. the vafue by which the DRAM address is 
uicrememeo at tne start or a line so tnat it points to the 
start of the next line of the dither matrix. 


0x50 


DMinhlndexCO 


8 


0x00 


InHiaJ \n6ex within 2S6-byte dither matrix Une tniffer for 
contone plane 0. If using doulXe-buffer scheme, only 
the 7 Istis are used. 


0x54 


DMLwrfndexCO 


8 


0x00 


Lower Index within 256't>yte dither matrix line Ixiffer 
for contone plane 0. If using dout)le-buffor scfieme. 
only tfie 7 l8t>s are used. 


0x58 


DMUprlndexCO 


8 


0x3F 


Upper index within 256-t)yte cfither matrix line buffer 
for confone plane 0. After reading the data at this 
location the index wraps to DMLwrtndexCO, If using 
double-txjffer scheme, only the 7 lsl>s are used. 


0x5C 


DMtnittndexCI 


8 


0x00 


Initial index %vtthin 256-byte dither matrix line buffer for 
contone plane 1. If using dout}{e-buffer scheme, only 
the 7 Isbs are used. 


0x60 


OMLwrlndexCI 


8 


0x00 


I^ower index within 256-t>yte dither matrix line buffer 
for contone plane 1 . If using double-tMiffer scheme, 
only the 7 Isbs are used. 


0x64 


OMUprindexCI 


8 


0x3F 


Upper index within 256-t>yte dither matrix line buffer 
for contone plane 1. After reading the data at this 
focation the index wraps to 0MLwrtn<SexC1, If using 
double-buffer scheme, only the 7 Isbs are used. 
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Table 143. HCU Registers 







0x68 


0MlnitlndexC2 


8 


0x00 


Initial index within 256-byte dither matrix line buffer for 
contone plane 2. If using dout)le-buffer scheme, only 

the 7 Isbs are used. 


0x6C 


OMLwrtridexC2 


8 


0x00 


Lxwer index within 256-tiyte dither matrix Bne buffer 
for contone plane 2. If using double-buffer scheme, 
only ttxB 7 Isbs are used* 


0x70 


OMUprindexC2 


8 


Ox3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 2. After reading the data at this 
location the Index wraps to DMLwiindexC2. If using 
double-buffer scheme, only the 7 Isbs are used. 


0x74 


OMInltlnd8xC3 


8 


0x00 


Initial index within 256-byte dither matruc line buffer for 
contone plane 3. If using double-buffer scheme, only 
the 7 Isbs are used. 


0x78 . 


DMLwrlndexCS 


8 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone plane 3. If using dotible-buffer scheme, 
only the 7 isbs are used. 


0x7C 


DMUprtndexCa 


6 


0x3F 


Upper index wimin 256<byte dither matrix line buffer 
for contone plane 3. After reading the data at this 
location the index wraps to DMLwrtndexCS. If using 
double-bufler scheme, only the 7 Isbs are used. 


0x80 


DoubleUneBuf 


1 


0x1 


Selects the dither tine buffer mode to be single or dou- 
IAb buffer. 


0x84 to 0x98 


lOMappin^Lo 


6x32 


0x0000^ 
0000 


Tbe dot reorg mapping for output Inks 0 to 5. For each 
ink's 64-bit lOMapping value. lOMapplngLo repre- 
sents the low order 32 bits. 


0x9Clo0xB0 


lOMappbigHi 


6x32 


0x0000^ 
0000 


The dot reorg mapping for output inks 0 to 5. For each 

ink's 64-bit lOMapping value, lOMappingHi represents 

the high order 32 bits. 


0xB4lo0xC0 


cpConstant 


4x8 


0x00 


The constant contone value to output for contone 
plane N when printing in the margin areas of the page. 
This value will typically be 0. 


0xC4 


sConstant 


1 


0x0 


The constam bhlevel value to output for spot when 
printing in the margin areas of the page. T>ils value 

•will typically be 0. 


OxC8 


tConstant 


1 


0x0 


Th e constant bt-level value to output for tag data when 

printing In the margin areas of the page. This value 
wil) typicaiiy be 0. 


OxCC 


DithetConstant 


a 


OxFF 


The constant value to use for dither matrix when the 
dither matrix is not available, i.e. when the signal 
ctm_avaS is 0. This value wiO typically be OxFF so that 
cpConsCanf can easily be 0x00 or OxFF without requir- 
ing a dither matrix {DithetConstant Is primarily used 
forthreshokJ dithering in the nnargin areas). 


Debug registere (read only) 
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Table 143. HCU Registers 







m 


m 






OxOO 


Kcu PortsDobug 


14 


H/A 


Bit If) — ffti hm 

Bit 1 2 = hcujSujBi<Mot 
Bit 1 1 s sfu^bcujavaB 
Bit 10 s hcu_sfu_advdot 
Bit 9 s cfu_hcu_a\/aU 
Bit 8 s hcu_cfu_^adv(tot 
Bit 7 s GrfKL/>cu.fl3ady 
Bit 6 s hcu^dnc^Bvatl 
Bfts 5-0 s /YCULCfiiCLdafa 


0xD4 


HcuDotgenDebug 


15 


N/A 


Bit 14 = after_top_margin 
Bit 13 = in^tR{utarget_page 
Bit 12 c in_tar^tpago 
Bit 11 B p_^avaU 
Bit 10 = s_ava// 
Bit 9 s= cp_ava// 
Bit 6 = dm_avail 
Bit 7 B acMtof 

Bits 5-0 s {03,s«qpt3,qp^cpr,<^ 

(i.e. 6 t3Jt input to dot reorg units) 


0x08 


HcuDitherOdbugl 


17 


N/A 


Bit 9 = advdot 

Bit 8 = dm^avaU 

Bit 1 5-8 = cp 1jamer_\/ai 

Bits 7-0 = cpO_d!thecyal 


OxDC 


HcuOith8rOebug2 


17 


N/A 


6it9sa<Mbf 

Bit 8 s dm^avaU 

Bit 15-8 = cp3jdnher_val 

Bits 7-0 e cf)2^dithecyaU 



28.4.3 Control unit 

The control unit is responsible for controlling the overall flow of the HCU. It is responsible for determin- 
ing whether or not a dot will be generated in a given cycle, and what dot will actually be generated - 
including whether or not the dot is in a margin area, and what dither cell values should be used at the spe- 
I cific dot location. A block diagram of the control unit is shown in Figure 196. 

The inputs to the control unit are a number of avail flags specifying whether or not a given dotgen unit is 
capable of supplying 'real* data in this cycle. The term 'real' refers to data generated from external 
sources, such as contone line buffers, bi-level line buffers, and tag plane buffers. Each dotgen unit informs 
the control unit whether or not a dot can be generated this cycle from real data. It must also check that the 
DNC is ready to receive data. 

The contone/spot margin unit is responsible for determining whether the current dot coordinate is within 
the target contone/spot margins, and the tag margin unit is responsible for determining whether the current 
dot coordinate is within the target tag margins. 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit 
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Figure 196. Block diagram of the control unit 



2BA.3.i Determine AdvDot 



The HCU does not always require contone planes, bi-Ievel or tag planes in order to produce a page. For 
example, a given page may not have a bi-Ievel layer, or a tag layer. In addition, the contone and bi-Ievel 
parts of a page are only required within the contone and bi-levei page margins, and the tag part of a page is 
only required within the tag page margins. Thus ou^ut dots can be generated without contone, bi-level or 
tag data before the respective top margins of a page has been reached, and Os are generated for all color 
planes after the end of the page has been reached (to allow later stages of the printing pipeline to fiush). 

Consequently the HCU has an AvcUlMask register that determines which of the various input avail flags 
should be taken notice of during the production of a page from the first line of the target page, and a 
TMMask register that has the same behaviour, but is used in the lines before the target page has been 
reached (i.e. inside the target top margin area). Each bit in the AvailMask refers to a particular avail bit: if 
the bit in the AvailMask register is set, then the corresponding avail bit must be 1 for the HCU to advance 
a dot. The bit to avail correspondence is shown in Table 144. Care should be taken with TMMask - if the 
particular data is not available after the top margin has been reached, then the HCU will stall. Note that the 
avail bits for contone and spot colors are ANDed with in_target^age after the target page area has been 
reached to allow dot production in the contone/spot margin areas without needing any data in the CFU and 
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SFU. The avail bit for tag color is ANDcd with in^tagjcarget^age after the target tag page area has been 
reached to allow dot production in the tag margin areas without needing any data in the TFU. 



Table 144. Correspondence between bit In AvailMa&k and avafi flag 







0 


dm_avalJ 


dither matrix data available 


1 


cp_avall 


contone pixels available 


2 


s_avan 


spot color available 


3 


tp^avail 


tag plane available 



Each of the input ava/7 bits is processed with its appropriate mask bit and the after jtop ^margin flag. The 
output bits arc ANDed together along with Go and ok_to^write (which specifies whether the output buffer 
is ready to receive a dot in this cycle) to form the output bit advdot. We also generate wr_advdot In this 
way, if the output buffer is full or any of the specified avail flags is clear, the HCU will stalL When the end 
of the page is reached, in^age will be deasserted and the HCU will continue to produce 0 for all dots as 
I long as the DNC requests data. A block diagram of the determine advdot unit is shown in Figure 197. 

The ok_to_read signal from the output buffer indicates that the HCU has a dot available for the DNC to 
read (indicated to the DNC by the assertion of hcu_dnc_avail). If the DNC is ready to receive the dot 
(dncjicu^ready is 1) then the dot is read from the output buffer by asserting rd^cdvdou 
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Figure 197. Block diagram of determine advdot unit 



28.4.3.2 Position unft 



The position unit is responsible for outputting the position of the current dot (curr currjine) and 
whether or not this dot is the last dot of a line {advline). Both curr ^os and currjine are set to 0 at reset or 
when Go transitions from 0 to 1 . The position unit relies on the advdot input signal to advance thiou^ the 
dots on a page. Whenever an advdot pulse is received, currjpos gets incremented. If curr jyos equals 
max^dot then an adviine pulse is generated as this is the last dot in a line, currjine gets incremented, and 
the currjfios is reset to 0 to start coimting the dots for the next line. 

25.4.3.3 Margin unit 

The responsibility of the margin unit is to determine whether the specific dot coordinate is within the page 
at all, within the target page or in a margin area (see Figure 1 98). This unit is instantiated for both the con- 
tone/spot maxgin unit and the tag margin unit. 
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Figure 198. Page structure 



The maigin unit takes the current dot and line position, and returns diree flags. 

• the first, in^age is 1 if the current dot is within the page, and 0 if it is outside the page. 

• the second flag, injtarget_page, is 1 if the dot coordinate is within the target page area of the page, and 
0 if it is within the target top/left/bottom/right margins. 

• the third flag, aftcr_top_maigin, is 1 if the current dot is below the target top margin, and 0 if it is 
within the target top margin. 

A block diagram of the margin unit is shown in Figure 199. 
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Figure 199. Block diagram of margin unit 
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28.4.3.4 Dither matrix tabie interface 



The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit. The control flag dm_read_enable 
enables the reading of the dither matrix table line structure from DEIAM. If dm_read_enable is 0. the 
dither matrix is not specified in DRAM and no DRAM accesses are attempted. The dither matrix table 
interface has an output flag dm^avail which specifies if the cuiient line of the specified matrix is available. 
The HCU can be directed to stall when dm^avail is 0 by setting the appropriate bit in the HCU's Avail- 
Mask or TMMask registers. AVhen dm_avail is 0 the value in the DitherConstant register is used as the 
dither cell values that are output to the contone dotgen unit. 

The dither matrix table interface consists of a state machine that interfaces to the DRAM interface, a dither 
matrix buffer that provides dither matrix values, and a unit to generate the addresses for reading the buffer. 
Figure 200 shows a block diagram of the dither matrix table interface. 
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Figure 200. Block diagram of dither matrix tabie interfece 

28.4.3.4.1 Dither matrix buffer 

The state machine loads dither matrix table data a line at a time from DRAM and stores it in a buffer. A 
single line of the dither matrix is either 256 or 128 8-bit entries, depending on the programmable bit Dou- 
bleLineBuf. If this bit is enabled, a double-buffer mechanism is employed such that while one buffer is 
read from for the current line's dither matrix data (8 bits representing a single dither matrix entry), the 
otfier buffer is being wrinen to with the next line's dither matrix data (64-bits at a time). Alternatively, the 
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single buffer scheme can be used, where the data must be loaded at the end of the line, thus incurring a 
delay. 

The single/double buffer is implemented using a 256 byte 3-port register airay, two reads, one write port, 
with the reads clocked at double the system clock rate (320MHz) allowing 4 reads per clock cycle. 

The dither matrix buffer unit also provides the mechanism for keeping track of the cuxrent read and write 
buffers, and providing the mechanism such that a buffer cannot be read from until it has been written to. In 
this case, each buffer is a line of the dither matrix, i.c. 256 or 128 bytes. 

A bit is kept for the status of each dither matrix line buffer: buff_avaa[0] and buff_avail[l]. It also keeps a 
single bit {rdjbuff) for the current buffer that reads arc to occur from, and a single bit (wrjbuff) for the cur- 
rent buffer that writes are to occur to. The output value dm_avail equals buff_avail[rdjniff]. The output 
value ok_to_write equals huffjavail[wjntff]* Note that when using a single line buffer, bujSLavailfl] is 
not used 

The read addresses are byte aligned A single dither matrix entry is represented by 8 bits and an entry is 
read for each of the four contone planes in parallel. When a advline pulse is received, buff_<ivail[rdjmjg[] 
is cleared and rdjbuff is inverted (if using a double line buffer). 

Data is written, 64 bits at a time to the current write buffer when diu_hcu_rvalid is asserted When WrAdr 
is 0x1 F and diujicu^rvalid is 1, buff_ava£l[yvrjyuff] is set, and wrjmff 'x^ inverted (if using a double line 
buffer), Hiis indicates that a line of dither matrix has been written to the current write buffer and it is now 
available to be read 

28.4.3.4.2 Read address generator 

For each contone plane Aere is a initia], lower and upper index to be used when reading dither cell values 
from the dither matrix double buffer. The read address for each plane is used to select a byte from the cur- 
rent 256-byte read buffer. When Co gets set (0 to I transition), or at the end of a line, the read addiesses 
are set to their corresponding initial index. Otherwise, the read address generator relies on advdot to 
advance the addresses within the inclusive range specified the lower and upper indices, represented by the 
following pseudocode: 

if (advdot =« 1) then 

if (advline 1) then 

r4«adr = dm_init_inde3c 
el a if (rdLadr =s <3n\_upr_index) then 

rd.adr » din_l»nr_index 
else 

rd^adr 

else 

rdLadr = rd_adr 

28.4.3.4.3 State machine 

The dither matrix is read from DRAM in single 256-bit accesses, receiving the data from the DIU over 4 
clock cycles (64-bits per cycle).The protocol and timing for read accesses to DRAM is described in sec- 
tion 20.9.1 on page 208. Read accesses to DRAM are implemented by means of the state machine 
described in Figure 201. 

All coimters and flags should be cleared after reset or when Go transitions from 0 to 1 . While the Go bit is 
1 , the state machine relies on the dm^read_enable bit to tell it whether to attempt to read dither matrix data 
from DRAM. When dm_read_enable is clear, the state machine does nothing and remains in the idle stsUe. 
When dm_read_enabie is set, the state machine continues to load dither matrix data, 256-bits at a time 
(received over 4 clock cycles, 64 bits per <^cle), while there is space available in the dither matrix buffer. 
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The read address and line^tartjadr are initially set to startjim^adr. The read address gets incremented 
after each read access. It takes 4 or 8 read accesses to load a line of dither matrix into the dither matrix 
buffer, depending on whether we're using a single or double buffer. A count is kept of the accesses to 
DRAM. When a read access completes and access jcount eq\ials 3 or 7, a line of dither matrix has just 
been loaded from and the read address is updated Xo line^tart_adr plus linejncrement so it points to the 
start of the next line of dither matrix, (line^start^adr is also updated to this value). If the read address 
equals endjimjadr then the next read address will be start_dm_adr^ thus the read address wraps to point 
to the start of the area in DRAM where the dither matrix is stored. 

The write address for the dither matrix buffer is implemented by means of a modulo-32 coiuter that is ini- 
tially set to 0 and incremented when diu^hcu^rvalid is asserted. 
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Figure 201. State machine to read dither matrix table 
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28.4.4 Contone dotgen unit 

The contone dotgen unit is responsible for producing a dot in up to 4 color planes per cycle. The contone 
dotgen unit also produces a cp^avail flag which specifies whether or not contone pixels are currently avail- 
able, and the output hcujcfii^advdot to request the CFLJ to provide the next contone pixel in up to 4 color 
planes. 

I The block diagram for the contone dotgen unit is shown in Figure 202. 
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Rgure 202. Contone dotgen unit 

A dither unit provides the functionality for dithering a single contone plane. The contone image is only , 
defined within the contone/spot margin area. As a result, if the input flag injtarget^age is 0, then a con- 
stant contone pixel value is used for the pixel instead of the contone plane. 

The resultant contone pixel is then halftoned. The dither value to be used in the halftoning process is pro- 
vided by the control data unit The halftoning process involves a comparison between a pixel value and its 
corresponding dither value. If the 8-bit contone value is greater than or equal to the 8-bit dither matrix 
value a 1 is output. If not, then a 0 is output This means each entiy in the dither matrix is in the range I- 
255 (0 is not used). 
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28.4.5 Spot dotgen unit 

The spot dotgen unit is responsible for producing a dot of bi-level data per cycle. It deals with bi-level data 
(and therefore does not need to halftone) that comes from the LBD via the SFU. Like the contone layer, 
the bi-level spot layer is only defined within the contone/spot margin area. As a result, if input flag 
in^target_page is 0, then a constant dot value (typically this would be 0) is used for the output dot. 

The spot dotgen unit also produces a sjavail flag which specifies whether or not spot dots are currently 
available for this spot plane, and the output hcu^fujadvdot to request the SFTJ to provide the next bi-level 
data value. The spot dotgen unit can be represented by the following pseudocode: 

s_avail «* Efu_hcu_avail 

if (in_targeC_page 1 AND advdot == 1) tihen 

hcu_s£u_advdot = 1 
else 

hcu„s€u.advdot s o 

if ( in_target.jpase 1) then 

ap = sfu^hcu.sdata 
else 

sp » sp.constant 

28.4.6 Tag dotgen unit 

This unit is very similar to the spot dotgen unit (see Section 28.4.5) in that it deals with bi-level data, in 
this case from the TE via the TFU. The tag layer is only defined within the tag margin area. As a result, if 
input flag injtagjtarget^age is 0, then a constant dot value, tp^constant (typically this would be 0), is 
used for the output dot The tagplane dotgen unit also produces a tp^avail flag which specifies whether or 
not tag dots are cuzrently available for the tagplane, and the output hcujfii^advdat to request the TFU to 
provide the next bi-level data value. 



28.4.7 Dot reorg unit 

The dot reorg unit provides a means of mapping the bi-level dithered data, the spotO color, and the tag data 
to output inks in the actual pnnthead Each dot reoig imit takes a set of 6 1 -bit inputs and produces a single 
bit output that represents the output dot for that color plane. 

The output bit is a logical combination of any or all of the input bits. This allows the spot color to be 
placed in any output color plane (including infirared for testing purposes), black to be merged into cyan, 
magenta and yellow (in the case of no black ink in the Memjet pnnthead), and tag dot data to be plac^ in 
a visible plane. An output for fixative can readily be generated by simply combining desired input bits. 

The dot reoi^ unit contains a 64-bit lookup to allow complete fireedom with regards to mapping. Since all 
possible combinations of input bits arc accounted for in ^e 64 bit lookup, a given dot reoig unit can take 
the mapping of other reorg units into account. For example, a black plane reorg unit may produce a I only 
if the contone plane 3 or spot color inputs are set (this effectively composites black bi-level over the con- 
tone). A fixative reorg unit may generate a I if any 2 of the output color planes is set (taking into accovmt 
die m^pings produced by the other reoig units). 

I If dead nozzle replacement is to be used (sec section 29.4.2 on page 448), the dot reorg can be pro- 

granuned to direct the dots of the specified color into the main plane, and 0 into the other. If a nozzle is 
then marked as dead in the DNC, swapping the bits between the planes will result in 0 in the dead nozzle, 
and the required data in the other plane. 

If dead nozzle replacement is to be used, and there are no tags, the TE can be programmed with the posi- 
tion of dead nozzles and the resultant pattern used to direct dots into the specified nozzle row. If only fixed 
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background TFS is to be used, a limited number of nozzles can be replaced. If variable tag data is to be 
used to specify dead nozzles, then large numbers of dead nozzles can be readily compensated for. 

The dot reorg unit can be used to average out the nozzle usage when two rows of nozzles share the same 
ink and tag encoding is not being used The TE can be programmed to produce a regular pattern (e.g. 0 1 0 1 
on one line, and 1010 on the next) and this pattern can be used as a directive as to direct dots into the spec- 
ified nozzle row. 

Each reoig unit contains a 64-bit lOMapping value programmable as two 32-bit HCU registers, and a set 
I of selection logic based on the 6-bit dot input (2^ = 64 bits), as shown in Figure 203. 
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Figure 203. Block diagram of dot reorg untt 
I The mapping of input bits to each of the 6 selection bits is as defined in Table 145. 



Table 145. Mapping of input bits to 6 selection bits 
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29 Dead Nozzle Compensator (DNC) 

29.1 Overview 

The Dead Nozzle Compensator (DNC) is responsible for adjusting Memjet dot data to take account of 
non-^functioning nozzles in the Memjet printhead. Input dot data is supplied from the HCU, and the cor- 
rected dot data is passed out to the DWU, The high level data path is shown by the block diagram in Figure 
204. 
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Figure 204. High level block diagram of ONC 

The DNC condensates for a dead nozzles by performing the following operations: 

• Dead nozzle removal, i.e. turn the nozzle off 

• Ink replacement by direct substitution i.c. K -> K 

• Ink replacement by indirect substitution i.e. K -> CMY 

• Error diffusion to adjacent nozzles 

• Fixative corrections 

The DNC is required to efficiently support to 5% dead nozzles, under the expected DRAM bandwidth 
allocation, with no restriction on where dead nozzles are located and handle any fixative correction due to 
nozzle compensations. Perfonnance must degrade gracefully after 5% dead nozzles. 



29.2 Dead nozzle ioentification 



Dead nozzles are identified by means of a position value and a mask value. Position information is repre- 
sented by a 10-bit delta encoded format, where the 10*bit value defines the number of dots between dead 
nozzle coluoms . Widi the delta information it also reads the 6-bit dead nozzle mask idn_mask) for the 
defined dead nozzle position. Each bit in the dn^mask corresponds to an ink plane. A set bit indicates that 
the nozzle for the corresponding ink plane is dead. The dead nozzle table format is shown in Figure 205. 
The DNC reads dead nozzle information from DRAM in single 256-bit accesses. A 10-bit delta encoding 
scheme is chosen so that each table entry is 16 bits wide, and 16 entries fit exactly in each 256-bit read. 
Using 10-bit delta encoding means that the maximum distance between dead nozzle columns is 1023 dots. 
It is possible that dead nozzles may be spaced further than 1023 dots from each other, so a null dead nozzle 
identifier is required. A nuU dead nozzle identifier is defined as a 6-bit dn^mask of all zeros. These null 
dead nozzle identifiers shoidd also be used so that: 

• the dead nozzle table is a multiple of 1 6 entries (so that it is aligned to the 256.bit DRAM locations) 



I . for a 1 0-bit delta value aid, if the current column n is a dead nozzle column dien the next dead nozzle column is given by « + (</+ 1). 
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• the dead nozzle table spans the complete length of the line, i.e. the first entry dead nozzle table should 
have a delta fh>m the first nozzle column in a line and the last entry in the dead nozzle table should cor- 
respond to the last nozzle column in a line. 

Note that the DNC deals with the width of a page. This may or may not be the same as the width of the 
pnnthead (the PHI may introduce some margining to the page so that its dot output matches the width of 
the pnnthead). Care must be taken when progranmiing the dead nozzle table so that dead nozzle positions 
are correctly specified with respect to the page and printhead. 
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bits 15-6 



bits 5-0 



Figure 205. Dead nozzle table format 



29.3 DRAM STORAGE AND BANDWIDTH REQUIREMENT 

The memoiy required is largely a factor of the number of dead nozzles present in the printhead (which in 
turn is a factor of the printhead size). The DNC is required to read a 16-bit entry fi^om the dead nozzle table 
for every dead nozzle. Table 146 shows the DRAM storage and average* bandwidth requirements far the 
DNC for different percentages of dead nozzles and different page sizes. 



Table 146. Dead NozzJe storage and average bandwidth requirements 









mm 






Memory 
(KBytes) 


Bancfwidth 
(bits/cycle) 




5% 


1.4« 


0.8*^ 


10% 


2.7 


1.6 


15% 


4.1 


2.4 


A3** 


5% 


1.9 


0.6 


10% 


3.8 


1.6 


15% 


5.7 


2.4 



a. Bi-lithic printhead has 13824 nozzles per color providing full bleed printing for A4/Lettcr 

b. Bi-lithic printhead has I ^88 nozzles per color providing full bleed printing for A3 



^"^^ ?° "^^^ ^P*^ ^^"^ nozzles. Clumps of dead nozzles may cause delays due to insufficient available 
URAM bandwidth. These delays wiU occur every line causing an accumulative delay over a page. 
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c. 1 6 bits X 13824 nozzles x O.OS dead 

d. (16 bits read / 20 cycles) = 0.8 bits/cycle 

29.4 Nozzle compensation 

DNC receives 6 bits of dot infonnation every cycle from the HCU, 1 bit per color plane. When the dot 
position corresponds to a dead nozzle column, the associated 6-bit dn_mask indicates which ink plane(s) 
contains a dead nozzIe(s). The DNC first deletes dots destined for the dead nozzle. It then replaces those 
dead dots, either by placing the data destined for the dead nozzle into an adjacent ink plane (direct substi- 
tution) or into a number of ink planes (indirect substitution). After ink replacement, if a dead nozzle is 
made active again then the DNC performs error diflusion. Finally, following the dead nozzle compensa- 
tion mechanisms the fixative, if present, may need to be adjusted due to new nozzles being activated, or 
dead nozzles being removed. 

29«4.1 Dead nozzle removal 

If a nozzle is defined as dead, then the first action for the DNC is to turn off (zeroing) the dot data destined 
for that nozzle. This is done by a bit- wise ANDing of the inverse of the dn^mask with the dot value. 

29.4.2 Ink replacement 

Ink replacement is a mechanism where data destined for the dead nozzle is placed into an adjacent ink 
plane of die same color (direct substitution, i.e. K -> K^tema^dv^f or placed into a number of ink planes, the 
combination of which produces the desired color (indirect substitution, i.e. K -> CMY). Ink replacement is 
performed by filtering out ink belonging to nozzles that are dead and then adding back in an appropriately 
calculated pattern. This two step process allows the optional re-inclusion of the ink data into the original 
dead nozzle position to be subsequently error diffused. In the general case, fixative data destined for a dead 
nozzle should not be left active intending it to be later diffused 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed with the dot data to see if \hm are any planes where the dot is 
active but the correspondmg nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. The output 
of the ink replacement logic is ORed with the resultant dot after dead noz2de removal. See Figure 210 on 
page 459 for implementation details. 

For example if we consider the printhead color configuration C,M,Y,Ki,K2,IR and the input dot data from 
the HCU is blOl 100. Assuming that the Kj ink plane and IR ink plane for this position are dead so the 
dead nozzle mask is bOOOlOl. The DNC first removes the dead nozzle by zeroing the K] plane to produce 
blOlOOO. Then the dead nozzle mask is ANDed with the dot data to give bOOOlOO which selects the ink 
replacement pattern for Kj (in this case the ink replacement pattern for K| is configured as bOOOOlO. i.e. 
ink replacement into the K2 plane). Providing error diffusion for K2 is enabled, the output from the ink 
replacement process is bOOOOlO. This is ORed with the output of dead nozzle removal to produce the 
resultant dot b 1 0 1 0 1 0. As can be seen the dot data in the defective Kj nozzle was removed and replaced by 
a dot in the adjacent nozzle in the same dot position, i.e. direct substitution. 

In the example above the Ky ink plane could be compensated for by indirect substitution, in which case ink 
replacement pattern for Ki would be configured as bl 1 1000 (substitution into the CMY color planes), and 
this is ORed with the output of dead nozzle removal to produce the resultant dot b 1 1 1 000. Here the dot 
data in the defective Kj ink plane was removed and placed into the CMY ink planes. 
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29.4.3 Error diffusion 

Based on the programming of the lookup table the dead nozzle may be left active after ink replacement. In 
such cases the DNC can compensate using error diffusion. Error diffusion is a mechanism where dead noz- 
zle dot data is diffused to adjacent dots. 

When a dot is active and its destined nozzle is dead, the DNC will atten^t to place the data into an adja- 
cent dot position, if one is inactive. If both dots are inactive then the choice is aibitraiy, and is determined 
by a pseudo random bit generator. If both neighbor dots are already acthre then the bit cannot be compen- 
sated by diffusion. 

Since the DNC needs to look at neighboring dots to determine where to place the new bit (if required), the 
DNC works on a set of 3 dots at a time. For any given set of 3 dots, the first dot received from the HCU is 
refenred to as dot A, and the second as dot B, and the third as dot C. TThe relationship is shown in Figure 
206. 



0-1 n rw-l 

direction of dot movement 



dotA 



dotB 



dote 



Figure 206. Set of dots operated on for error diffusion 

For any given set of dots ABC, only B can be compensated for by error diffusion if B is defined as dead. A 
1 in dot B will be diffused into either dot A or dot C if possible. If there is already a 1 in dot A or dot C 
then a 1 in dot B cannot be diffused into that dot. 

The DNC must support adjacent dead nozzles. Thus if dot A is defined as dead and has previously been 
compensated for by error diffusion^ then the dot data fiom dot B should not be diffused into dot A. Simi- 
larly, if dot C is defined as dead, then dot data fix>m dot B should not be diffused into dot C. 

Error diffusion should not cross line boundaries. If dot B contains a dead nozzle and is the first dot in a line 
then dot A represents the last dot from the previous line. In this case an active bit on a dead nozzle of dot B 
should not be diffused into dot A. Similarly, if dot B contains a dead nozzle and is die last dot in a line then 
dot C represents the first dot of the next line. In this case an active bit on a dead nozzle of dot B shoidd not 
be diffused into dot C. 

Thus, as a rule, a 1 in dot B-cannot be diffused into dot A if 

• a 1 is already present in dot A, 

• dot A is defined as dead, 

• or dot A is the last dot in a line. 

Similarly, a 1 in dot B cannot be diffused into dot C if 

• a 1 is already present in dot C, 

• dot C is defined as dead, 

• or dot C is the first dot in a line. 

If B is defined to be dead and the dot value for B is 0, then no compensation needs to be done and dots A 
and C do not need to be changed. 

If B is defined to be dead and the dot value for B is 1, then B is changed to 0 and the DNC attempts to 
place the 1 from B into either A or C: 

• If the dot can be placed into both A and C, then the DNC must choose between them. The preference is 
given by the current output fix>m the random bit generator, 0 for "prefer left" (dot A) or 1 for "prefer 
right" (dot C). 
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• If dot can be placed into only one of A and C, then the 1 from B is placed into that position. 

• If dot cannot be placed into either one of A or C, then the DNC cannot place the dot in either position. 
Table 147 shows the truth table for DNC eiror difiiision operation when dot B is defined as dead. 



Table 147. Error Diffusion Truth Table when dot B Is dead 




A input 



A input 



AJnput 



A input 



A input 



A Input 



A [nput 



Mm 



C input 



C input 



C input 



1 



C input 



C input 



C input 



C Input 



a. Output from random bit generator. Determines direction of error difEusion (0 = left, 1 

b. Bold emphasis is used to show the DNC inserted a 1 



'right) 



The random bit value used to aibitrarily select the diiee^on of diffusion is generated by a 32-bit maximum 
length random bit generator. The generator generates a new bit for each dot in a line regardless of whether 
the dot is dead or not The random bit generator can be initialized with a 32-bit programmable seed value. 



29.4.4 Fixative correction 



After the dead nozzle compensation methods have been applied to the dot data, the fixative, if present, may 
need to be adjusted due to new nozzles being activated, or dead nozzles being removed For each output 
dot the DNC determines if fixative is required (using the FixativeRequiredMask register) for the new com- 
pensated dot data word and whether fixative is activated already for that dot. For the DNC to do so it needs 
to know the color plane that has fixative, this is specified by the HxativeMaskl configuration register 
Table 148 indicates the actions to take based on these calculations. 

Tab[e148. Truth table for fixative correction 











t 


1 


Output dot as Is. 


1 


0 


Clear fixative plane. 


0 


1 


Attempt to add fixative. 


0 


0 


Output dot as is. 



The DNC also allows the specification of another fixative plane, specified by the FixaHveMask2 configura- 
tion register, with FixaHveMaskl having the higher priority over Ftxan'veMask2. When attempting to add 
fixative the DNC first tries to add it into the planes defined by FixativeMaskJ . However, if any of these 
planes is dead then it tries to add fixative by placing it into the planes defined by FixativeMask2. 
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Note that the fixative defined by FixativeAfaskJ and FixativeMaskl could possibly be muiti-pait fixative, 
i.e. 2 bits could be set in FixativeMaskl with the fixative being a conibination of both inks. 
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29.5 Implementation 

A block diagram of the DNC is shown in Figure 207. 
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17/ 





lru.ayan 








iru^data 
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edu_ready 
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diffusion 
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32 



Y T 



fb(ath/e_mask1 6^ 
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4- 



fixative 
correction 
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32 



Dead Nozzle Compensator 



PEP Controller Unit 



Dotllne Writer Unit 



Figure 207. Block diagram of DNC 
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29.5.1 Definitions of I/O 

Table 149. DNC port list and description 



Clocks and Resets 



pdk 


1 


In 


System Clock. 


prst_n 


1 


In 


System reset, synchronous active low. 


PCUIntsrfoce 


pcu_dnc_8el 


1 


In 


Block select from the FCU, When pcu.d^.se/is high both 
pocadrand pci/_da£aoiif are valid. 


pcu_rwn 


1 


In 


Common read/not-write signal from the PCX), 


pcu_adrt6:2] 


5 


In 


PCU address bus. Only 5 bits are required to decode the 

address space for this tAock. 


pcu_dataout(d1:0] 


32 


In 


Shared write data txis from the PCU. 


dncj)cu.fdy 


1 


Out 


Ready signal to the PCU When d/?c_j>cu_rciy Is high It indi- 
cates the last cyde of the access. For a write cyde this 
means pcu.diataoiif has been registered by the block end for 
a read cyde this means the data on dncjpoujsiata Is valid. 


dnc.j)cu_data[31 :0] 


32 


Out 


Read data bus to the PCU. 


DIU Interface 


dnc_dlu_rreq 


1 


Out 


DNC unit requests DRAM read. A read request must be 
accompanied by a vaiid lead address. 


dnc_dlu_radit21:5J 


17 


Out 


Read address to DtU. 2S&4iH word aligned. 


diu_dnc_iack 


1 


In 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on tSncjdfu^radr 


diu.dnc^rvaUd 


1 


In 


Read data valid, active hi^. Indicates ttiat valM read data is 
now on the read data bus, diujdiata. 


diu_dataI63:01 


64 


In 


Read data from DIU. 


HCU Interface 


dnc_hcu_ready 


1 


Out 


Indicates that DNC (s ready to accept data from the HCU. 


hcu_dnc_avaD 


1 


in 


Indicates valid data present on hcujdncjtiata. 


hcu_dnc_data[5:0I 


6 


In 


Output biHevel dot data In 6 ink planes. 


DWU Interface 


dwu_dnc.ready 


1 


In 


Indicates that DWU Is ready to accept data from the DNC. 


dnc_dwu_avall 


1 


Out 


Indicates valid data present on dncj[iwu_data. 


dnc_dwu_data[5:0] 


6 


Out 


Output tiiHevel dot data in 6 Ink planes. 



29.5.2 



Configuration registers 

The coniiguration registers in the DNC arc programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
DNC. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
DNC. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) oi dnc_pcujiata. Table 150 lists the configuration registers in die DNC. 
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Table 150. DNC conflguratlon registers 



^^^^^^^^ 






Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the 
ONC. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the DNC. Writing 
0 to this register halts the DNC. 
When Go Is asserted all counters, flags etc. are 
cleared or given their initial value, but configura- 
tion registers keep their values. 
When Go Is deasserted the 8tate-nuu:hines go 
to their idle states but all counters and configu- 
ration registers keep their values. 
This register can be read to determine If the 
DNC is running 
(1 = running, 0 8 stopped). 


Setup registers (cx>nstant during processing) 


0x10 


MaxDot 


16 


0x0000 


This is the maximum dot number - 1 present 
across a page. For example if a page contains 
13824 dots, then MaxDot vAW be 13823. 
Note that this number may or may not be the 
same as the number of dots across the print- 
head as some margining may be introduced in 
the PHI. 


0x14 


LSFR 


32 


0x0000. 
0000 


The current value of the LFSR register used as 
the 32-bit maximum length random bit genera- 
tor. 

Users can write to this register to program a 
seed value Ibr the 32-brt nuudmum length ran- 
dom bit generator. Must not be ait Is (br taps 
implemented in XNOR form. <lt is expected tfiat 
writing a seed value will not occur during the 
operation of the LFSR). 

This LSFR value could also have a possit))e use 
as a random source In program code. 


0x20 


RxattveMasicI 


6 


0x00 


Defines the higher priority fixative plane(s). Bit 0 

represents the settings for plane 0. bit 1 for 

plane 1 etc. Fbr each bit 

1 = the ink plane contains fixative. 

0 = the ink plane does not contain fixative. 


0x24 


RxativeMask2 


6 


OxOO 


Defines the lower priority fixative plane(s). Bit 0 

represents the settings for pfane 0, bH 1 for 

plane 1 etc. Used only when FixativeMaskl 

planes are dead. Fbr each bit 

1 =5 the Ink plane contains fixative. 

0 = the ink plane does not contain fixative. 


0x28 


RxativeRequiredMask 


6 


0x00 


Identifies the ink planes that require fixative. Bit 

0 represents the settings for plane 0, bit 1 fbr 
plane 1 etc. Fbr each bit: 

1 = the ink plane requires fixative. 

0 s the ink plane does not require fixative (e.g. 
Ink Is self-lbdng) 
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Table 150. DNC configuration registers 



^^^^^^ 










0x30 


DnTableStartAdr 


17 


0x0^0000 


Start address of Dead Nozzle Table in DRAM, 
specified In 256-blt words. 


0x34 


DnTableEndAdr 


17 


Ox0_0000 


End address of Dead Nozzle Table in DRAM, 
specified in 2564>lt words, i.e. the location con- 
taining the last entry in tf^e Dead Nozzle Table. 
The Dead Nozzle Table should be aligned to a 
256-bit boundary, tf necessary it can be padded 
with null entries. 


0x40 - 0x54 


Plane Replace Pat- 
tern{5:0] 


6x6 


0X00 


Defines the Ink replacement pattern for each of 
the 6 ink planes. PianeReplacePiittem[0]ks the 
Ink replacement pattern fbr plane 0. PianeRe- 
ptoGePatt0m[l] is the ink replacement pattern 
for plane 1, etc. 

Fbr each 6-brt replacement pattern lor a plane, 
a 1 in any bit poslttons indicates the alternative 
ink planes to be used for this plane. 


0x56 


OiffuseEnable 


6 


OxSF 


Defines whether, after ink replacement, error 
diffuskMi is allowed to be performed on each 
plane. 

BitO represents the settings for plane 0, bit 1 for 
plane 1 etc. Fbr each bit 
1 8 error diffusion is enabled 
0 8 error diffusion Is disattled 


Debug registers (read only) 


0x60 


DncOutpulDebug 


8 


N/A 


Bit 7 = dwujcSnc_ready 
Bit 6 «s dnc_dwv_avaU 
Bits 5-0 = dnc_dwv^data 


0x64 


DncReplaoeDebug 


14 


N/A 


Bit 13 s edu^maxty 
BH 12ainuuav9/r 
Bits 11-6 » inuefn^mask 
Bits 5-0 a ifv^data 


0x68 


OncDJffuseDebug 


14 


N/A 


Bit 13 s diw_dnq_ready 
Bit 12 = dnc^dwu_avait 
Bits 11-6 = edu^dn^mask 
Bits 5-0 e edu^data 
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29.5.3 Ink replacement unit 

Figure 208 shows a sub-block diagram for the ink replacement unit 
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Figure 208. Sub-block diagram of ink replacement unit 



29.5.3,i Control unit 



The control unit is responsible for reading the dead nozzle table from DRAM and making it available to 
the DNC via the dead nozzle FIFO. The dead nozzle table is read from DRAM in single 256-bit accesses, 
receiving the data from the DIU over 4 clock cycles (64-bit5 per cycle). The protocol and timing ifor read 
accesses to DRAM is described in section 20.9.1 on page 208. Reading from DRAM is implemented by 
means of the state machine shown in Figure 209. 

All counters and flags should be cleared after reset. When Go transitions from 0 to 1 all counters and flags 
should take their initial value. While the Go bit is 1 , the state machine requests a read access from the dead 
nozzle table in DRAM provided there is enough space in its FIFO. 

A modulo-4 cotmter. rd^count, is used to count each of the 64-bits received in a 256-bit read access. It is 
incremented whenever diujinc_rvalid is asserted. When Go is 1, dn^table^radr is set to 
dn_table_^tart_adK As each 64-bit value is retumed, indicated by diu^dne^rvalid being asserted, 
dnjtable^radr is compared to dn_fablejsnd_adr. 

• If rd^count equals 3 and dnj[able_radr equals dnjtable_end_€uir^ then dn^table jradr is updated to 
dn_table_fitart^adr. 

• \frd_eount equals 3 and dnjtabte^radr does not equal dnjtablejend^adr^ then dnjtable_radr is incre- 
mented by 1 . 

A count is kept of the number of 64-bit values in the FIFO. When diu^dnc^rvalid is 1 data is written to the 
FIFO by asserting wr_c«, and/ifojcontents mdfi/ojw^itdr are both incremented. 
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Wicnft/o^cont€ntsf3:0J is greater than 0 and edujready is 1, dnc_hcu_ready is asserted to indicate that 
the DNC is ready to accept dots from the HCU. If hcu_dnc^avail is also 1 then a dotadv pulse is sent to the 
GenMask unit, indicating the DNC has accepted a dot from the HCU, and iru_avail is also asserted. After 
Co is sct» a single preload pulse is sent to the GenMask unit once the FIFO contains data. 

When a rd^adv pulse is received from the GenMask vuait^fifo_rd_adr[4:0J is then incremented to select 
the next 16-bit value. If fifo_rd_adr [1:0] = 1 1 dien the next 64-bit value is read from the FIFO by asserting 
/TcLen, diidfifo_contentsf3:0J is decremented. 



dzi_table_<Teq = 0 ' 



dn tablti radfladn table end adr 



dn.table_raar 



Reset OR Dfst n^G 
dnj3b\t_mq = 0 
dn_taWe_radr » 0 



^ reset ^ 
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_ i.jreq-0 
dn_1aW©_radr = dn_table_fitait.adr 



req 
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> 
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df>_tat3ie_rBdr «* dn_tabte_radr 



ack 



<: 
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Hu dne rack i 



read 



> 



dfi tebte radf = dn tefate end adr 



dn_tablc_rreq « 0 
dnjtable^radr a drUable.stBrt_adr 



Figure 209. Dead nozzle table state machine 



29.5.3.2 Dead nozzle FIFO 

The dead nozzle FIFO conceptually is a 64-bit input, and i 6-bit output FIFO to account for the 64*bit data 
transfers from the DIU, and ^e individual 16-bit entries in the dead nozzle table that are used in the Gen- 
Mask unit In reality, the FIFO is actually 8 entries deep and 64-bit$ wide (to accommodate two 256-bit 
accesses). 

On the DRAM side of the FIFO the write address is 64-bit aligned while on the GenMask side the read 
address is 1 6-bit aligned, i.e. the upper 3 bits are input as the read address for the FIFO and the lower 2 bits 
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arc used to select 16 bits from the 64 bits (1st 16 bits read corresponds to bits 1 5-0, second 16 bits to bits 
31-16 etc.). 

29.5.3.3 GenMaskunit 

The GenMask unit generates the 6-bit dn_mask that is sent to the replace unit. It consists of a 10-bit delta 
counter and a mask register. 

After Go is set, the GenMask unit will receive a preload pulse from the control unit indicating the first 
dead nozzle table entry is available at the output of the dead nozzle FIFO and should be loaded into the 
delta counter and mask register A rd_adv pulse is generated so that the next dead nozzle table entry is pre- 
sented at the output of the dead nozzle FIFO. The delta counter is decremented every time a dotadv pulse 
is received. When the delta counter reaches 0, it gets loaded with the current delta value output from the 
dead nozzle FIFO, i.e. bits 15-6, and the mask register gets loaded with mask output from the dead nozzle 
FIFO, i.e. bits 5-0. A rd^ads^ pulse is then generated so that the next dead nozzle table entry is presented at 
the output of the dead nozzle FIFO. 

When the delta coimter is 0 the value in the mask register is output as the dn_jnask, otherwise the dn_mask 
is all Os. 

The GenMask unit has no knowledge of the number of dots in a line, it simply loads a coimter to count die 
delta from one dead nozzle column to the next. Thus as described in section 29.2 on page 446 the dead 
nozzle table should include null identifiers if necessary so that the dead nozzle table covers the first and 
last nozzle column in a line. 

29.5.3.4 Replace unit 

Dead nozzle removal and ink replacement are implemented by the combinatorial logic shown in Figure 
210. Dead nozzle removal is performed by bit-wise ANDing of the inverse of the dn^maskvnih the dot 
value. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed wi& the dot data to see if there are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. 

The output of the ink replacement process is ORed with the resultant dot after dead nozzle removal. If the 
dot position does not contain a dead nozzle then the dn_nwk will beall Os and the dot, hcu_dnc^data^ will 
be passed through unchanged. 
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Figure 210. Logic for dead nozzle removal and ink replacement 
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29.5.4 Error Diffusion Unit 

Figixre 21 i shows a sub-block diagram for the error diffusion unit. 
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29.5.4. f Random Bit Generator 



Figure 211. Sub-block diagram of error diffusion unit 



The random bit value used to aibitrarily select the direction of diffusion is generated by a maximum length 
32-bit LFSIL The tap points and feedback generation are shown in Figure 212. The LFSR generates a new 
bit for each dot in a line regardless of whether the dot is dead or not, i.e shifting of the LFSR is enabled 
when advdot equals I . The LFSR can be initialised with a 32-bit programmable seed value, random^seed 
This seed value is loaded into the LFSR whenever a write occurs to the RandomSeed register. Note that the 
seed value must not be all Is as this causes the LFSR to lock-up. 



» }3l|30|29|2^|27{26|25|24|23|22|2l{20|l9|l8|l7|l6|is[l4|l3ll2^ 9|8|7|6|s|4|3}2|l|o 




XNOR 



output 
bit 



Figure 212. IVIaximum length 32-bit LFSR used for random bit generation 



29.5.4.2 Advance Dot Unit 

The advance dot unit is responsible for determining in a given cycle whether or not the error diffuse unit 
will accept a dot from the ink replacement unit or make a dot available to the fixative correct unit and on to 
the DWU. It therefore receives the dwu^dnc^ready control signal from the DWU, the iru_avail flag from 
the ink replacement unit, and generates dnc^dwu_avail and edu_ready control flags. 

Only the dwu_dnc_ready signal needs to be checked to see if a dot can be accepted and asserts edu_ready 
to indicate this. If the error diffuse unit is ready to accept a dot and the ink replacement unit has a dot avail- 
able, then a advdot pulse is given to shift the dot into the pipeline in the diffuse unit. Note that since the 
error diffusion operates on 3 dots, the advance dot \mit ignores dwu_dnc_ready initially until 3 dots have 
been accepted by the diffuse unit. Similarly dncjdwu_avaii is not asserted until the diffuse unit contains 3 
dots and the ink replacement unit has a dot available. 
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29.5.4.3 Diffuse Unit 

The diffuse unit contains the combinatorial logic to implement the truth table from Table 147. The diffuse 
unit receives a dot consisting of 6 color planes (I bit per plane) as well as an associated 6-bit dead nozzle 
mask value. 

Error diffusion is applied to all 6 planes of the dot in parallel. Since error diffusion operates on 3 dots, the 
diffuse unit has a pipeline of 3 dots and their corresponding dead nozzle mask values. The first dot 
received is referred to as dot A, and the second as dot B» and the third as dot C. Dots are shifted along the 
pipeline whenever advdot is 1 . A count is also kept of the number of dots received It is incremented v/h&n- 
evGT odvdoi is 1, and wraps to 0 when it reaches maxjiot When the dot count is 0 dot C corresponds to the 
first dot in a line. When die dot count is 1 dot A corresponds to the last dot in a line. 

In any given set of 3 dots only dot B can be defined as containing a dead nozzle(s). Dead nozzles are iden- 
tified by bits set in iru_dn_mask. If dot B contains a dead nozzle(s), the corresponding bit(s) in dot A, dot 
C the dead nozzle mask value for A, the dead nozzle mask value for C, the dot count, as well as the ran- 
dom bit value are input to the truth table logic and the dots A, B and C assigned accordingly. If dot B does 
not contain a dead nozzle then the dots are shifted along the pipeline tmchanged. 



29.5.5 Fixative Correction Unit 

The fixative correction unit consists of combinatorial logic to implement fixative correction as defined in 
Table 151. For each output dot the DNC deteraiines if fixative is required for the new compensated dot 
data word and whether fixative is activated already for that dot. 

Fixac IvePr esenc s ( (FixativeHaskl j Fixat:iveMask2 ) & edu_data) != 0 
FixaCiveReouired » (FixativeRequlredMaslc & edu.data) 0 

It then looks up the truth table to see what action, if any, needs to be taken. 



Table 1 51 . Truth table for fixative correction 











1 


1 


Output dot as Is. 


dnc_dwu_data - edu^data 


1 


0 


Clear fixative plane. 


dnc_dwu_data (edu^data) & -{RxativeMaskl | RxatjveMa8k2) 


0 


1 


Attempt to add fixa- 
tive. 


if (FixativeMaskI & DnMa6k)lsO 

dnc.dwu_data » (edu.data) | (RxativeMask2 & -DnMask) 
else 

dnc.dwu^data = (edu.data) | (RxativeMaskI) 


0 


0 


Output dot as is. 


dnc_dwu_data = edu_data 



When attempting to add fixative the DNC first tries to add.it into the plane defined by FixativeMaskI , 
However, if this plane is dead then it tries to add fixative by placing it into the plane defined by 
Fixativ€Mask2, Note that if both FixativeMaskJ and FixativeMaskZ are both all Os then the dot data will 
not be changed. 
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30 Dotline Writer Unit (DWU) 



30.1 Overview 



The Dotline Writer Unit (DWU) receives 1 dot (6 bits) of color information per cycle from the DNC, Dot 
data received is bundled into 256-bit words and transferred to the DRAM. The DWU (in conjunction with 
the LLU) implements a dot line FIFO mechanism to compensate for the physical placement of nozzles in a 
printhead, and provides data rate smoothing to allow for local complexities in the dot data generate pipe- 
line. 



ORAM 
viaOlU 



ONC 



fSoi data 



DWU 



dot data 



dot data 



Figure 213. High level data flow diagram of DWU In context 



30,2 Physical requirement imposed by the printhead 

The physical placement of nozzles in the printhead means that in one firing sequence of all nozzles, dots 
will be produced over several print lines. The printhead consists of 12 rows of nozzles, one for each color 
of odd and even dots. Odd and even nozzles are separated by print lines and nozzles of different colors 
arc s^arated by Di print lines. See Figure 214 for reference. The first color to be printed is the first row of 
nozzles encountered by the incoming paper. In the example this is color 0 odd, although is dependent on 
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the printhead type (see Section 35 Memjet Printhead for other printhead arrangments). Paper passes under 
printhead moving downwards. 



Type 0 printhead IC 

Color 5 Even — 
Color 5 Odd — 
Color 4 Even — 
Color4 0cW — 
Color 3 Ewen — 
CoiorSOdd — 
Color 2 Even — 
Color 2 Odd — 
* Color 1 Even — 
Colon Odd — 
Color 0 Even — 
Color 0 Odd — 




e ® e ® O O 

• 0 €) ® ® ® ® 

QIQOOQOQO 

GO Q Q 
9 0 O ® O ® 

0 0 0 0 

0 2 4 6 8 

0 0 0 0 

1 3 5 7 0 

0 0 0 0 0 



0 no 0 



0 0 0 o- 



0 0 

S00O000O0- 

00000690 ® — 
000000000 
>00000000 
000000000 
OOQOOOOO — 




6 |im 32 



Paper 



Type 1 printhead IC 



^ ^ 80 Jim 
60^m 



-Shift register Orcfer 



5 lines 
5 lines 



Paper Direction 



Note: Paper 



passes under printhead 

Figure 214. Printhead Norzle Layout for conceptual 36 Nozzle bi-fithic printhead 

For example if the physical separation of each half row is SO^in equating to D|=D2=5 print lines at 
1 600dpi. This means that in one firing sequence, color 0 odd nozzles will fire on dotline L, color 0 even 
nozzles will fire on dotline L-D|, color 1 odd nozzles will fire on dotline L-Dj-D2 and so on over 6 color 



Doc: SoPEC_hardware_de5cgn 
Version: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 463 



SoPEC : Hardware Design 



planes odd and even nozzles. The total number of lines fired over is given as 0+5+5 +5« 0 + 1 1x5 =55. 

See Figure 215 for example diagram. 
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Figure 215. Paper and printhead nozzles relationship (exampre with 0^-02=5) 

It is expected that the physical spacing of Ithe printfaead nozzles will be 80|xm (or 5 dot lines), although 
there is no dependency on nosle spacing. The DWU is configurable to allow other line nozzle spacings. 

I 

Table 152. Relationship between Nozzle color/sense and line firing 





mm 








eenee 


:ilne 


sense 


line 


CotorO 


even 


L • 


even 


L-S 


odd 




odd 


L 


Color 1 


even 


L-10 


even 


L-15 


odd 


L-15 


odd 


L-IO 


Color 2 


even 


L-20 


even 


L-25 


odd 


L-25 


odd 


L-20 


Color 3 


even 


L-30 


even 


L-35 


odd 


L-35 


odd 




Color 4 


even 


L-40 


even 


L-45 


odd 


L-45 


odd 


L-40 


Colors 


even 


L-50 


even 


L-55 


odd 


L-55 


odd 


L-50 



30.3 Line rate de-coupling 



The DWU block is required to compensate for the physical spacing between lines of nozzles. It does this 
by storing dot lines in a FIFO (in DRAM) until such time as they are required by the LLU for dot data 
transfer to the printhead interface. Colors are stored separately because they are needed at different times 
by the LLU. The dot line store must store enough lines to condensate for the physical line separation of 
the printhead but can optionally store more lines to allow system level data rate variation between the read 
(printhead feed) and write sides (dot data generation pipeline) of the FIFOs. 
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LLU 

Read 

Side 



A logical representation of the FIFOs is shown in Figure 2 1 6» where N is defined as the optional number of 
extra half lines in the dot line store for data rate de-coupling. 
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Color 4. Odd FIFO 
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Figure 216. Dot line store logical representation 



30.4 Dot line store storage requirements 

For an arbitrary page width of d dots (where d is even), the number of dots per half line is d/2. 

For interline spacing of D2 and inter-color spacing of D], with C colors of odd and even half lines, the 
numberof half line storage is (C - 1) (D2+D1) + Dl. 

For N extra half line stores for each color odd and even, the storage is given by (N * C * 2). 
The total storage requirement is ((C - 1) (D2+D,) + Dl+(N*C*2))*d/2in bits. 
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Note that when determining the storage requirements for the dot line store, the number of dots per line is 
the page width and not necessarily the printhead width. The page width is often the dot margin number of 
dots less than the printhead width. They can be the same size for full bleed printing. 

For example in an A4 page a line consists of 13824 dots at 1600 <^i, or 6912 dots per half dot line. To 
store just enough dot lines to account for an inter-line nozzle spacing of 5 dot lines it would take 55 half 
dot lines for color 5 odd, 50 dot Ibes for color 5 even and so on, giving 55+50+45... l(H-5+0= 330 half dot 
lines in total. If it is assumed that N=4 then the storage required to store 4 extra half lines per color is 4 x 
12=48. in total giving 330+48=378 half dot lines. Each half dot line is 6912 dots, at 1 bit per dot give a 
total storage requirement of 6912 dots x 378 half dot lines / 8 bits = Approx 319 Kbytes. Similarly for an 
A3 size page with 19488 dots per line, 9744 dots per half line x 378 half dot lines / 8 = Approx 899 
Kbytes. 



Table 153. Storage requirement for dot line store 




A4 
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264 


223 


312 


263 
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330 


278 


378 


319 


A3 


4 


264 


628 


312 


742 




5 


330 


785 


378 


899 



The potential size of the dot line store makes it unfeasible to be implemented in on-chip SRAM, requiring 
the dot line store to be implemented in embedded DRAM. This allows a -configurable dotline store where 
unused storage can be redistributed for use by other parts of the system. 



30.5 Local buffering 

An embedded DRAM is expected to be of the order of 256 bits wide, which results in 27 words per half 
line of an A4 page, and 54 words per half line of A3. This requires 27 words x 1 2 half colors (6 colors odd 
and even) « 324 x 256-bit DRAM accesses over a dotline print time, equating to 6 bits per cycle (equal to 
DNC generate rate of 6 bits per cycle). Each half color is required to be double buffered, while filling one 
buffer the other buffer is being written to DRAM. This results in 256 bits x 2 buffers x 12 half colors i.e. 
6144 bits in total. 

The buffer requirement can be reduced, by using 1 ,5 bufTering, where the DWU is filling 128 bits while the 
remaining 256 bits are being written to DRAM, While this reduces the required buffering locally it 
increases the peak bandwidth requirement to the DRAM, With 2x buffering the average and peak DRAM 
bandwidth requirement is the same and is 6 bits per cycle, alternatively with 1.5x buffering the average 
DRAM bandwidth requirement is 6 bits per cycle but the peak bandwiddi requirement is 12 bits per cycle. 
The amount of buffering used will depend on the DRAM bandwidth available to the DWU unit. 
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FIFO empty writing begins 



256 bits full, DRAM request Issued 



Variable cycles later DRAM request granted 
256 bits transferred 



256 bits full, DRAM request issued again 



Variable cydes tater ORAM request granted 
256 bits transferred 



x1.S Buffering 

I I I 



x2 Buffering 



Process repeated Cfi/er one line 



Final 256 bits fuO. DRAM request issued 



Variable cycles later DRAM final request 
granted. 256 kilts tiansfienred 




write pt 



■readpt 

Figure 217. Comparison of I.Sx v 2x buffering 



read pt 



Should the DWU fail to get the requixed DRAM access within the specified time, the DWU wUl stall the 
DNC data generation. The DWU will issue the stall in sufficient time for the DNC to respond and still not 
cause a FIFO ovemm. Should the stall persist for a sufficiently long time, the PHI will be starved of data 
and be unable to deliver data to the printhead in time. The sizing of the dotiine store FIFO and internal 
FIFOs should be chosen so as to prev^t such a stall happening. 



30.6 DOTLINE DATA IN MEMORY 



The dot data shift register order in the printhead is shown in Figure 214 (the transmit order is the opposite 
of the shift register order). In the example the type 0 printhead IC transmit order is increasing even color 
data followed by decreasing odd color data. The type 1 printhead IC transmit order is decreasing odd color 
data followed by increasing even color data. For both printhead ICs the even data is always increasing 
order and odd data is always decreasing. The PHI controls which printhead IC data gets shifted to. 

From this it is beneficial to store even data in increasing order in DRAM and odd data in decreasing order. 
While this order suits the example printhead, other printheads exist where it would be beneficial to store 
even data in decreasing order» and odd data in increasing order, hence the order is configurable. The order 
that data is stored in memory is controlled by setting the CoiorLineSense register. 
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The dot . order in DRAM for increasing and decreasing sense is shown in Figure 218 and Figure 219 
respectively. For each line in the dot store the order is the same (although for odd lines the numbering will 
be different the order will remain the same). Dot data from the DNC is always received in increasing dot 
number order. For increasing sense dot data is bundled into 256-bit words and written in increasing order 
in DRAM, word 0 first, then word 1 , and so on to word N, where N is the number of words in a line. 

For decreasing sense dot data is also bundled into 256-bit words, but is written to DRAM in decreasing 
order, Le, word N is written first then word N-1 and so on to word 0. For both increasing and decreasing 
sense the data is aligned to bit 0 of a word, i.e. increasing sense always starts at bit 0, decreasing sense 
always finishes at bit 0. 



Even Dot Storage In DRAM (Increasing Sense) 
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Figure 218. Even dot order in ORAM (Increasing Sense, 13320 dot wide line) 



Even Dot Storage in DRAM (Decreasing Sense) 
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Figure 219. Even dot order In DRAM (Decreasing Sense, 13320 dot wide line) 

Each half color is configured independently of any other color. The ColorBaseAdr register specifies the 
position where data for a particular dotline FIFO will begin writing to. Note that for increasing sense col- 
ors the ColorBaseAdr register specifies the address of the first word of first line of the fifo, whereas for 
decreasing sense colors the ColorBaseAdr register specifies the address of last word of the first line of the 
FIFO. 

Dot data received from the DNC is bundled in 256-bit words and transferred to the DRAM. Each line of 
data is stored consecutively in DRAM, with each line separated by ColorLineInc number of words. 

For each line stored in DRAM the DWU increments the line count and calculates the DRAM address for 
the next line to store. 
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This process continues until ColorFifoSize number of lines are stored, after which the DRAM address with 
wrap back to the ColorBaseAdr address. 



Increasing Sense Colors 

DRAM 
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Figure 220. Dotline RFO data structure fn ORAIVI 

As each line is written to the FIFO, the DWU increments the FifoFillLevel register, and as the LLU reads a 
line from the FIFO the FifoFillLevel register is decremented. The LLU indicates that it has completed 
reading a line by a high pulse on the Uu_dwu_Hm^rd line. 

When the number of lines stored in the FIFO is equal to the MaxWriteAhead value the DWU will indicate 
to the DNC that it is no longer able to receive data (i.e. a stall) by deasserting the dwujdnc^ready signal. 

The ColorEnable register determines which color planes should be processed, if a plane is turned off, data 
is ignored for that plane and no DRAM accesses for that plane are generated. 
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30.7 Implementation 

30.7.1 Definitions of I/O 



Table 154. OWU I/O Definition 





mm 


mi 




Clocks and Resets 


pdk 


1 


(n 


System Clock 




1 


In 


System reset, synchronous active k>w 


ONC Intertace 


dwu_dnc_ready 


1 


Out 


Indicates that OWU Is ready to accept data from the DNC. 


dnc_dwu_ayail 


1 


In 


Indicates valkl data present on dnc_dwu_data. 


dnc.dwu_daia(5:0] 


6 


In 


Input bMevel dot data in 6 Ink planes. 


LLU InterffBoe 


dwuJlu_Dne_wr 


1 


Out 


DWU line write. Indicates that the OWU has compreted a full 
line write. Active high 


Ilfu.dwujine.rd 


1 


in 


LLU line read. Indk^ates that the U.U has completed a tine 
read. Active high. 


LLU and DWU common configuration 


dwu.fUj.cfifosize[1 1 .-Ojp.-Oj 


12x8 


Out 


Indicates the number of lines In the FIFO before the line 

increment will wrap around in memory. 

Bus 0,1 - Even« Odd Gne colorO 

Bus 2 ,3 - Even, Odd fine cotor 1 

Bus 4.S - Even, Odd line color 2 

Bus 6,7 - Even, Odd line color 3 

Bus 8.9 • Even, Odd One color 4 

Bus 1 0,1 1 • Even. Odd One cotor 5 


PCU Interface 


pcu_dwu_sel 


1 


In 


Block select from the PCU. When pcujdwu^sefls high both 
pcu^adrand pcujdataoutM vatkJ. 


pcu_rwn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_adi[7:2] 


6 


In 


PCU ckddress bus. Only 6 bits are required to decode the 
address space for this btock. 


pGu_dataout[3 1 :0} 


32 


In 


Shared write data bus from the PCU. 


dwu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When dwu_pcu_rdy is high it indi- 
cates the iast cyde of the access. For a write cycle this 
means pcu^dataout has been registered by the btock and 
for a read cycle this nrteans the data on dwu_pcu^data is 
valkl. 


dwuj3cu.data[31 :0] 


32 


Out 


Read data bus to the PCU. 


OJU Interface 


dwu_dKj_wreq 


1 


Out 


OWU requests ORAM write. A write request must be accom- 
panied by a valid write address together with valid write data 

and a write valid. 


dwu_diu.wadr(21 :5I 


17 


Out 


Write address to DIU 

17 bits wide (256-bit aligned word) 


dlu_dwu_wack 


1 


In 


Acknowledge from DIU tliat write request has been 
accepted and new write address can be placed on 
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Table 154. DWU UO Definition 







dwu_diu_data(63:0] 


64 


Out 


Data from DWU to DIU. 256-bit word transfer over 4 cydes 
Rrst 64-blts is brts 63:0 of 256 brt word 
Second 64-bits is bits 127:64 of 256 bit word 
Third 64-bits is bits 191 : 128 of 256 btt word 
f=burth 64-bits is bits 255:1 92 of 256 bit word 


dwu_<liu.wvalid 


1 


Out 


Signal from DWU indicating that data on dwu diu data is 
valid. 
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30.7.2 DWU partition 
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Figure 221. DWU partition 



30.7.3 Configuration registers 

The configuration registers in the DWU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
DWU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register 
reads and writes^ the lower 2 bits of the ECU address bus are not required to decode the address space for 
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the DWU. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s) of dwu^cujiata. Table 1 55 lists the conAguration registers in the DWU. 



Table 155. DWU registers description 




Control Registers 





0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de-adivat'ng. A 
write to this rsQister will cause a DWU block reset. 




0X04 


Go 


1 


0x0 


Active htgti bit indicating the DWU is progranvned 
and ready to use. A low to high transition will cause 
DWU biock internal states to reset (configuration 
registers are not reset). 




Dot Line Store Conf igurertion 




0x08-0x38 


Co]orBaseAdr(11:0] 


12x17 


0x00000 


Specifies the base address (in words) in mennory 
where data from a particular half color (N) will be 
placed. 




0x3C - Ox6C 


CoforFifoSl2e[11:0] 


12xB 


0X00 


Indicates the number of lines in the RFO before 
the line increment ^11 wrap around in memory. 
Bus 0,1 - Even, Odd line color 0 
Bus 2.3 - Even, Odd line color 1 
Bus 4,5 - Even, Odd b'ne color 2, 
Bus 8 J - Even. Odd Qne color 3 
Bus 8,9 - Even, Odd Gne color 4 
Bus 10,1 1 - Even, Odd line color 5 




0x70 


ColorLineSense 


2 


0x2 


Specifies whether data written to DRAM for this 
half color is increasing or decreasing sense 

0 - Decreasing sense 

1 - Increasing sense 

Bit 0 Defines even color sense, 
Bit 1 Defines odd color sense. 




0x74 


ColorEhable 


6 


0x3F 


Indicates whether a particular color is active or not. 
When inactive no data is written to ORAM for that 
color. 

0 - Color off 

1 - Color on 

One bit per color, bit 0 is CotorOand so on. 


1 


0x78 


MaxWrfteAhead 


8 


0x00 


Specifies the maximum numt>er of lines that the 
DWU can be ahead of the LLU 


1 


Ox7C 


UneStze 


16 


0x0000 


Indicates the number of dots per line. 




Wbrlcing Registers 


1 


0x80 


LineDotCnt 


16 


0x0000 


IrKlicates the number of remaining dots in the cur- 
rent line. (Read Only) 


1 


0x84 


RfoFillLevel 


8 


0x00 


Numt>er of lines in the RFO, written to but not 
read. (Read Only) 



A low to high transition of the Go register causes the internal states of the DWU to be reset. All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the dwu^o^puLse 
signal. 



The ColorLineInc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store. It is derived from the LineSize register by rounding up the nearest 256-bit value. The 
same value used for all half colors. 

if (line_sizet7 :01 f=0 ) then 

color^line_incC7 :0] » Iine_size(lS :8] ♦ 1 
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else 



color_line_inc[7:01 = line_size[15 : 8 J ; 



30.7.4 



Fifofill level 



The DWU keeps a ninning total of the number of lines in the dot store FIFO. Each time the DWU writes a 
line to DRAM (detennined by the DIU interface subblock and signalled via line_wr) it increments the 
filllevel and signals the line increment to the LLU (pulse on dwujlujine_wr). Conversely if it receives an 
active llu^dwujtine^ pulse from the LLU, the filllevel is decremented. If the filllevel increases to the pro- 
grammed max level (max_writeuahead) then the DWU stalls and indicates back to the DNC by de-assert- 
ing the </wt<_^/ic ^finufp signal. 

If one or more of the DIU buffers fill, the DIU interface signals the fill level logic via the bufjull signal 
which in turn causes the DWU to de-assert the dwu_dnc_ready signal to stall the DNC. The bufjull sig- 
nals will remain active until the DIU services a pending request from the full buffer, reducing the buffer 
level. 

The DWU does not increment the fill level until a complete line of dot data is in DRAM not just a com- 
plete line received from the DNC. This ensures that the LLU cannot start reading a partial line from 
DRAM before the DWU has finished writing the line. 

The fill level is reset to zero each time a new page is started, on receiving a pulse via the dwu_go_pulse 



The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFUlLevel regis- 
ter. 



signal. 
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30.7*5 Buffer address generator 
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Figure 222. Buffer address generator sub-block 



wr.en|0) 
->wr.bitl01[63:0) 



-^_adft0](3:0] 



-> lina.fin 



»^ ■» wr_ei>i1J 



wrJiit(inQ3:01 
•> wr.Bdr[1E3:0] 



wr_dot_data 



30.7.5. i Buffer address generator description 

The buffer address generator subblock is responsible for accepting data froni the DNC and writing it to the 
DIU buffers in the correct order. 

The buffer address and active bit-write for a paiticular dot data write is calculated by the buffer address 
generator based on the dot count of the cunent line, programmed sense of the color and die line size. 

All configuration registers should be programmed while the Go bit is set to zero, once complete the block 
can be enabled by setting the Go bit to one. The transition from zero to one will cause the internal states to 
reset 

If the color^line^sense signal for a color is one (i.e. increasing) then the bit- write generation is straight 
forward as dot data is aligned with a 256-bit boundary. So for the first dot in that color, the bit 0 of the 
wrjbit bus will be active (in buffer word 0), for the second dot bit 1 is active and so on to the 255* dot 
where bit 63 is active (in buffer word 3). This is repeated for all 256-bit words until the final word where 
only a partial number of bits are written before the word is transferred to DRAM. 

If color_line_sense signal for a color is zero (i.e. decreasing) the bit-write generation for that color is 
adjusted by an offset calculated from the pre-programmed line length {line ^^e). The offset adjusts the bit 
write to allow the line to finish on a 256-bit boundary. For example if the line length was 400, for the first 
dot received bit 7 (line length is halved because of odd/even lines of color) of the wrjbit is active (buffer 
word 3). the second bit 6 (buffer word 3), to the 200*^ dot of data with bit 0 of wrjbit active (buffer word 
0). 
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30.7.5.2 Bit-write decode 

The buffer address generator contains 2 instances of the bit-write decode, one configured for odd dot data 
the other for even. The counter (either up or down counter) used to generate the addresses is selected by 
I the color Jlinejsense signal. Each block determines if it is active on Ais cycle by comparing its configured 

type with the current dot count address and the datajactive signal. 

The wrjbit bus is a direct decoding of the lower 6 count bits {count[6: 1])^ and the DIU buffer address is 
the remaining higher bits of the counter (countfI0:7J). 

The signal generation is given as follows: 
// deteziaine the counter to use 
I if (color_line_sense == 1 ) 

count «s up_cnt(10:0] 
else 

count = dn_cnt[10:0) 
// determine if active* based on instance type 

wr_en = da tractive & (count CO] ^ odd_even_type) // odd =1, even «0 

// determine the bit write value 
vnr_bit [63:0) « decode (count f 6 : 1] > 
// determine the buffer 64 -bit address 
wr_adrC3:0] « coxintdO:?) 

30. 7.5.3 Up counter generator 

The up counter increments for each new dot and is used to determine the write position of the dot in the 
DIU buffers for increasing sense data. At the end of each line of dot data (as indicated by line Jin), the 
counter is rounded up to the nearest 256-bit word boundary. This causes the DIU buffers to be flushed to 
DRAM including any partially filled 256-bit words. The counter is reset to zero if the dwu^o _pulse is 
one. 

// Up-Counter Logic 

if (dwu^o^pulse == 1> then ( 

up^cnt(10:0] = 0 
elsif (line_fin == 1 ) then 

// round up 

if (up_cntt8:lj != O) 
up_cnt tlO:9J++ 

else 

up_cntClO:9) 

// bit -selector 

«P— cnt C7:0] =0 

elsif ( (dnc_dwu_avail == 1) and (dvA^_dnc_ready 1 } ) then 
up_cnt(7!0I ++ 



30.7.5.4 Down counter generator 

The down counter logic decrements for each new dot and is used to determine the write position of the dot 
in the DUI buffers for decreasing sense data. When the dwu^go _pulse bit is one the lower bits (i.e. 8 to 0) 
of the cotmter are reset to line size value Qine^ize\ and the higher bits to zero. The bits used to determine 
the bit-write values and 64-bit word addresses in the DIU buffers begin at line size and count down to zero. 
The remaining higher bits are used to determine the DIU buffer 256-bit address and buffer fill level, begin 
at zero and count up. The counter is active when valid dot data is present, i.e. dnc_dwujavail equals 1. 

When the end of line is detected {line Jin equals 1 ) the counter is rounded to the next 256*bit word, and the 

lower bits are reset to the line size value. 

//Down -Counter Logic 

if (dwu^go^ulse == 1) then 
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dn_cnt(8;0] = line.size [8 : 0) 
dn_cnt(iO:9J = 0 
elsif (line^fln == 1 > thon 
// perform roiinding up 
if (dn_cnt[8:l3 1= 0) 

dn_cnt(10:9]++ 
else 

dn_cntI10:93 
// bit-select is reset 

dn_cnt[8:0]=line_8izet8:0j // bit select bits 
elsi£ ( (dnc_dwu_«vail =*= i) AND (dwu_dnc«ready == 1 ) ) then 
<in_cnt 18:01 — 
dn_cntC10:9)+* 



The dot counter simply counts each active dot received from the DNC. It sets the counter to line jsixe and 
decrements each time a valid dot is received When the count equals zero the line Jin signal is pulsed and 
the counter is reset to line^size. 

The counter is reset to line_jfi2e when dwu^o _j>ulse is 1. 



The DIU buffer is a 64 bit x 8 word dual port register array witii bit write capability. The buffer could be 
implemented with fiip-flops should it prove more efficient 



30.7.5.5 Dot counter 



30.7.6 



DrU buffer 
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30.7.7 DIU interface 
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Figure 223. OiU interface suli-blocic 



30.7,7.1 DIU Interface general description 

The DIU interface determines when a buffer needs a data word to be transferred to DRAM. It generates the 
DRAM address based on the dot line position, the color base address and the other programmed parame- 
ters. A write request is made to DRAM and when acknowledged a 256-bit data word is transfened The 
interface determines if further words need to be transferred and repeats the transfer process. 

If the FIFO in DRAM has reached its maximum level, or one of the buffers has temporarily filled, the 
DWU will stall data generation from the DNC. 

A similar process is repeated for each line until the end of page is reached. At the end of a page the CPU is 
required to reset the internal state of the block before the next page can be printed A low to high tiansition 
of the Go register will cause the internal block reset, which causes all registers in the block to icset with 
the exception of the configuration registers. The transition is indicated to subblocks by a pulse on 
dwu^go^puhe signal. 
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30.7.7.2 Interface controUer 
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Figure 224. Interface controller state diagram 

The interface controller state machine waits in Idle state until an active request is indicated by the read 
pointer (via the req_flctive signal). When an active request is received the machine proceeds to the Col- 
orSeiect state to determine which buffers need a data transfer. In the ColorSelect state it cycles through 
each color and detennines if the color is enabled (and consequently the buffer needs servicing), if enabled 
it jtmips to the Request state, otherwise the coior^cnt is incremented and the next color is checked. 

In the Request state the machine issues a write request to the DIU and waits in the Request state until the 
write request is acknowledged by the DIU (diu_dwu_wack). Once an acknowledge is received the state 
machine clocks through 4 cycles transferring 64>bit data words each cycle and incrementing the corre- 
sponding buffer read address. After transferring the data to the DIU the machine returns to the ColorSelect 
state to determine if further buffers need servicing. On the transition the controller indicates to the address 
generator {adr_update) to update the address for that selected color. 

If all colors are transferred (color^cnt equal to 6) the state machine returns to Idle, updating the last word 
flags (group^n) and request logic (req^update). 

The dwu_diu_wvaltd signal is a delayed version of the buf_rd_en signal to allow for pipeline delays 
between data leaving the buffer and being clocked through to the DIU block. 

The state machine will return from any state to Idle if the reset or the dwu ^o^pulse is 1 . 
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30.7.7.3 Address generator 

The address generator block maintains 12 pointers {color_adr[ll:0}) to DRAM corresponding to current 
write address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for that color. The pointer used is selected by the req_seJ 
biis» and the pointer update is initiated by the adrjupdate signal from the interface controller. 

The pointer update is dependent on the sense of the color of that pointer, the pointer position in a line and 
the line position in the FIFO. The programming of the colorjbase^adr needs to be adjusted depending of 
the sense of the colors. For increasing sense colors the colorjbasejadr specifies the address of the first 
word of first line of the fifo, whereas for decreasing sense colors the colorjbasejadr specifies the address 
of last word of the first line of the FIFO. 

For increasing colors, the initialization value (i.e. when dwu^o ^Ise is 1) is the color_base_€idr For 
each word that is written to DRAM the pointer in incremented. If the word is the last word in a line (as 
indicated by last^wd firom that read pointers) the pointer is also incremented. If the word is the last word in 
a line, and the line is the last line in the FIFO Oiulicated by Jifo^end firom the line counter) the pointer is 
reset to colorjbasejadr. 

In the case of decreasing sense colors, the initialization value (i.e. when dwu _go _j}ube is 1) is the 
colorJbase_adr, For each line of decreasing sense color data the pointer starts at the line end and decre- 
ments to the line start. For each word that is written to DRAM the pointer is decremented. If the word is 
the last word in a line the pointer is incremented by colorjiinejnc ♦2 + 1. One line length to account for 
the line of data just written, and another line length for the next line to be written. If the word is the last 
word in a line, and the line is the last line in the FIFO the pointer is reset to the initialization value (i.e. 
color Jbase_adr), 

The address is calculated as follows: 

if (dwu_go_pul8e == 1) then 

color_adr(ll:03 = color_base_adr[ 11 :0) [21 :51 
elsif (adrjupdate 1) then ( 

// determine the color 

color w re<i_sel (3:0] 

// line end and fifo %nrap 

if ( <f ifo_endfcolor) 1) AND (last_wd == 1)) then { 
// line end and fifo %nrap 

CO lor^adr [color] = color_base_adr Ccolor] [21 :5I 
) 

elsif ( last_wd 1) then ( 

// just a line end no fifo %nrap 

if (color_llne_sen8e [color % 2) == 1) then // increasing sense 
color_adrlcolor] ■ 

// decreasing sense 
color.adr (color) » color.adr [color) ^ { color.line inc • 2) + 1 

} 

else ( 

// regular word write 

if (color_line_sense [color % 2) ==1) then // increasing sense 

color^adr (color) 4-I- 
else // decreasing sense 

color^adr (color) 

) 

) 

// select the correct address « for this transfer 
dwu_diu_wadr = color__adr (requsel) 
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30,7.7.4 Line count 

The iine counter logic counts the number of dot data lines stored in DRAM for each color. A separate 
pointer is maintained for each color. A line pointer is updated each time the final word of a line is trans- 
ferred to DRAM. This is determined by a combination of cLdr_update and lastjwd signals. The pointer to 
update is indicated by the req^el bus. 

When an update occurs to a pointer it is compared to zero, if it is non-zero the count is decremented, oth- 
erwise the counter is reset to colorji/ojsize. If a counter is zero thcfi/o_end signals is set high to indicates 
to the address generator block that the line is the last line of tiiis colors fifo. 

If the dwu_go^ulse signal is one the counters are reset to cohr Jifo _jize. 

if (dwru^o^puXse » 1} then 

line_cntCll:01 » color_f ieo_si2e[ll:01 
elsif ((adr.update 1> AND (last.wd 1)) then ( 
// determine the pointer to operate on 
color «= req_sel[3 20) 
// update the pointer 
if (line^cnt (color) sb 0) then 

line^cnt (color] = color_£ieo_8lze (color) 
else 

line_cnt(i) — 

•) 

// count is zero its the last line of fifo 
foriieO ;i <12:t**) ( 

fifo_end(i) = (line_cnt(i) == 0) 

) 

30.7.7.5 Read Pointer 

The read pointer logic maintains the buffer read address pointers. The read pointer is used to determine 
which 64-bit words to read from the buffer for transfer to DRAM. 

The read pointer logic compares the read and write pointers of each DIU buffer to determine which buffers 
require data to be transferred to DRAM (pendflJ. OJ bus), and which bu£fers are fiill (the bufJiiU signal). 
Only enabled buffers are considered as indicated by the color^enable bus. 

Buffers are grouped into odd and even buffers groups. If an odd buffer requires DRAM access the 
oddjtend signals will be active, if an even buffer requires DRAM access the even _pend signals will be 
active. If both odd and even buffers require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic v^dll indicate to the interface controller via the req^active 
signal, with the odd^even^el signal determining which group of buffers get serviced. The inter&ce con- 
troller will check the color_enable signal and issue DRAM transfers for all enabled colors in a group. 
When the transfers are complete it tells the read pointer logic to update the requests pending via 
reqjupdate signal. 

The reqjself3:0] signal tells the address generator which buffer is being serviced, it is constructed from 
the odd^even^el signal and the color jcnt [2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and read pointer for the corresponding buffer are updated. The rvq^^el 
determines which pointer should be incremented. 
// determine which buffers need updates 
for( i=0; i<12; i*+) < 

// determine if reg^iest is active, filtered by color enable 

if ( wr_adr(ij £3 :2) r<3Ladr[i) [3 :2 J ) 
pendfi) = color_enable( i / 2) 

else 

pendti] = 0 
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// determine if «ny enabled bu££er is full 

if ((wr_adr[i] [3:0] - rd^adr t i) [3 : 0] ) > 7) AND (color_enable[i / 21 1)) then 
buf_full s 1 

) 

// Odd half colors <1, 3. 5, 7. 9, 11), even half colors (0« 2, 4. 6, B« 10) 
oddjjend = < pend(l] | pend(3} | pend(5J | pend[7J | pendC9] | pendtll] ) 
even^pend = ( pend{OJ | pendt2] | pend[43 | pend[6) | pend(8) j pendtlOJ ) 
// fixed servicing order, only update when controller dictates so 
if <req_update == 1) then ( 

if (evea.pend == 1) then // even always first 

odd_even_sel = O 
re<x_active = 1 
elsif (odd_pend == 1 ) then // then check odd 
odd^even^sel s Q 
req^active « 1 
«ise // nothing active 

odd^even^sel = 0 
req_active = 0 

) 

// selected recpiestor 

requ8dl(3:01 ^ <color_cnt [2 :03 , od<3Leven_sel > // concatentation 

The read address pointer logic consists of 12 2-bit counters and a word select pointer. The pointers are 
reset when dwu^go^ulse is one. The word pointer (word_ptr) is common to all buffers and is used to read 
out die 64-bit words from the DIU buflfcr. It is incremented when buf_rd_en is active. If tiie word j)tr is 3 
and ihe bu/_rd_en is active the selected read pointer (rd_ptr[req_s€l]) will be incremented. A concatena- 
tion of the read pointer and the word pointer are use to constcuct the buffer read address. The read pointers 
are not reset at the end of each line. 
// determine which pointer to update 
if (dwu_go_pulse 1) then 

rd_ptrCll:03 « 0 

word_j)tr « 0 

elsif (buf^d-.en == 1) then { 

word_j)tr++ 

if (word^tr == 3 ) then 
r^Lptr Creii^sel) *■-»■ 

> 

// create the address from the pointer, and word reader 
rd_adr(re<L_sel] « {rd_ptr Cre<i_sel) ,word_ptr) // concatenation 

The read pointer block determines if Ae word being read from the DIU buffers is the last word of a line. 
The buffer address generator indicate the last dot is being written into the buffers via the line Jin signal. 
When received the logic marks the 256-bit word in the buffers as the last word. When the last word is read 
from the DIU buffer and transferred to DRAM, the flag for that word is reflected to the address generator. 

// line end set the flags 
if <dwu_go_pxilse == 1) then 

last_flag[l:0] (1:0] = 0 
elsif (line_fin == 1 ) then 

//'determines the current 256-bit word even been written to 

last_flag[0) lwr_adr[OJ C2] I =1 // even group flag 

// determines the current 256-bit word odd been written to 

last_flag(inwr_adrtl] t2) ] « 1 // odd group flag 
// last word reflection to address generator 
last^wd = last_flag(odd_even.selJ Crdjptrtrea.seinO] ] 
// clear the flag 
if (group^fin «= 1 ) then 

last_flag(odd_even_selJ [rd_ptr [req^sel) [OJ] « 0 

When a complete line has been written into the DIU buffers (but has not yet been transferred to DRAM), 
the buffer address generator block will pulse the line Jin signal. The DWU must wait until all enabled 
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buffers arc transferred to DRAM before signaling the LLU that a complete line is available in the dot line 

store {dwujlujine^wr signal). When the line Jin is received all buffers will require transfer to DRAM. 

Due to the arbitration, the even group will get serviced first then the odd. As a result the line finish pulse to 

the LLU is generated fi-om the lastjUag of the odd group. 

// must be odd, odd group transfer complete and the last word 

<5wu_llu«line_wr = od4»even^sol AND group^f in AND lastjwd 
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S3 



31 Line Loader Unit (LLU) 



31,1 Overview 



The Line Loader Unit (LLU) reads dot data from the line buffers in DRAM and structures the data into 
even and odd dot channels destined for the same print time. The bloclcs of dot data are transferred to the 
PHI and then to the printhead. Figure 225 shows a high level data flow diagram of the LLU in context 
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Rgure 225. High level data flow diagram of LLU in context 



31.2 Physical requireiment imposed by the printheao 

The DWU re-orders dot data into 12 separate dot data line FIFOs in the DRAM. Each FIFO corresponds to 
6 colors of odd and even data. The LLU reads the dot data line FIFOs and sends the data to the printhead 
inter&ce. The LLU decides when data should be read from the dot data line FIFOs to correspond with the 
time that the particular nozzle on die printhead is passing the current line. The interaction of the DWU and 
LLU with the dot line FIFOs compensates for the physical spread of nozzles firing over several lines at 
once. For further explanation see Section 30 Dotiine Writer Unit (DWU) and Section 32 PrintHead Inter- 
face (PHT). Figure 226 shows the physical relationship of nozzle rows and the line time the LLU starts 
reading from the dot line store. 
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Figure 226. Paper and printhead nozzles relationship (example with DicDz'^sS) 
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Within each line of dot data the LLU is required to generate an even and odd dot data stream to the PHI 
block. Figure 227 shows the even and dot streams as they would map to an example bi-lithic printhead. 
The PHI block determines which stream should be directed to which printhead IC. 



Even Dot Stream 



Odd Dot Stream ^ 




5 Unes 



Paper 
Directfon 



M • Midway point tn dots 
N • Number of dots In a line 



Note: Roper passing under printhead 
Figure 227. Printhead structure and dot generate order 



31 .3 Dot generate and transmit order 

The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The LLU reads data 
ftom the dot line FIFO, generates an even and odd dot stream which is then re-ordered (in the PHI) into the 
transmit order for transfer to die printhead. 

The DWLT sqiarates dot data into even and odd half lines for each color and stores them in DRAM. It can 
store odd or even dot data in increasing or decreasing <xdst in DRAM, The order is programmable but for 
descriptive purposes assume even in increasing order and odd in decreasing order. The dot order structure 
in DRAM is shown in Figure 219. 

The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of odd or even dots. The dot order may be increasing or decreasing depending on how the DWU 
was programmed to write data to DRAM. An example of the even and odd dot data streams to DRAM is 
shown in Figure 228. In the example the odd dot generator is configured to produce odd dot data in 
decreasing order and the even dot generator produces dot data in increasing order. 

The PHI block accepts the even and odd dot data streams and reconstructs the streams into transmit order 
to the printhead. 

The LLU line size refers to the page width in dots and not necessarily the printhead width. The page width 
is often the dot margin number of dots less than the printhead width. They can be the same size for full 
bleed printing. 
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Generate dot order (to the PHI) 

Even Dot stream 



G912 dock cydes 



Transmit dot order(to the printhead) 
Printhead Channel A 



Printhead Channel s [^^Sj 




Even dots from line Y 
Odd dots from UneV-5 



9744 dodc cydes 



Example: Une with 13624 dots, vdth 7:3 printhead 
Figure 228. Dot data generated and transntitted order 



31,4 LLU START-UP 



At the stait of a page the LLU must wait for the dot line store in DRAM to fill to a configured level (given 
by FifoReadThreshold) before starting to read dot data. Once the LLU starts processing dot data for a page 
it must continue until the end of a page, the DWU (and other PEP blocks in the pipeline) must ensure there 
is always data in the dot line store for the LLU to read, otherwise the LLU will stall, causing the PHI to 
stall and potentially generate a print error. The FifoReadThreshold should be chosen to allow for data rate 
mismatches between the DWU write side and the LLU read side of the dot line FIFO. The LLU will not 
generate any dot data until FifoReadThreshold level in the dot line FIFO is reached. 

Once the FifoReadThreshold is reached the LLU begins page processing, the FifoReadThreshold is 
ignored from dien on. 

When the LLU begins page processing it produces dot data for all colors (although some dot data color 
may be null data). The LLU compares the line coimt of the current page, when the line count exceeds the 
ColorRelLine coniigured value for a particular color the LLU will start reading from that colors FIFO in 
DRAM. For colors that have not exceeded the ColorRelLine value the LLU will generate null data (zero 
data) and not read from DRAM for that color. ColorRelLine [N] specifies the number of lines separating 
the N!^ half color and the first half color to print on that page. 

For the example printhead shown in Figure 226, color 0 odd will start at line 0» the remaining colors will 
all have null data. Color 0 odd will continue with real data until line 5, when color 0 odd and even will 
contain real data the remaining colors will contain null data. At line 10, color 0 odd and even and color 1 
odd will contain real data, with remaining colors containing null data. Every 5 lines a new half color will 
contain real data and the remaining half colors null data until line 55, when all colors will contain real 
data. In the example ColorRelLine [0] «5, ColorRelLine fIJ =0, ColorRelLine [2] =15, ColorRelLine [3] 
=10.. etc. 
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I It is possible to turn off any one of the color planes of data (via the ColorEnable register), in such cases the 

LLU will generate zeroed dot data information to the PHI as normal but will not read data from the 
DRAM. 

31.4.1 LLU bandwidth requirements 

The LLU is required to generate data for feeding to the printhead interface, the rate required is dependent 
on the printhead construction and on the line rate configured The maximum data rate the LLU can pro- 
duce is 12 bits of dot data per cycle, but the PHI consumes at 12 bits per pA/c/Jt cycle (2/3 pclkxzx€), i.e. 8 
bits petpclk cycle. Therefore the DRAM bandwidth requirement for a double buffered LLU is 8 bits per 
cycle on average. If 1.5 buffering is used then the peak bandwidth requirement is doubled to 16 bits per 
cycle but the average remains at 8 bits per cycle. Note that while the LLU and PHI could produce data at 
the 8 bits per cycle rate, the DWU can only produce data at 6 bits per cycle rate. 
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31 .5 Implementation 

31.5.1 LLU partition 
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Figure 229. LLU partition 



31.5.2 Definitions of I/O 

Table 156. LLU I/O definition 





i 








Clocks and Resets 


pdk 


1 


In 


System dock 


pr5t_n 


1 


In 


System reset, synchrortous active low 


PHI Interface 
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Table 1S6. LLU VO definition 











llu_phLdata[1 :0}[5:0] 


2x6 


Out 


Dot Data from LLU to the PHI, each bit Is a color plane 5 downio 0. 
Bus 0 ' Even dot data stream 
Bus 1 • Odd dot data stream 

Data is active when corresponding bit is active In //ti _p/tLava//bus 


phiJIu^roadyllrO] 


2 


In 


Indicates that PHI Is ready to accept data from the LLU 

0 • Even dot data stream 

1 - Odd dot data stream 


lhj_phLavaji[1:0] 


2 


Out 


Indicates valid data present on corresponding Uu_f>hLdatB. 

0 - Even dot data stream 

1 • Odd dot data stream 


OIU Interfaca 


Uu_diu_neq 


1 


Out 


LLU requests DRAM read. A read request must be accompanied 
by a valid read address. 


ltu_diu_radr{21 :5] 


17 


Out 


Read address to DIU 

17 bits vvide (25&-btt aligned word). 


diujlu^rack 


1 


In 


Acknowledge from DIU that read request has been accepted and 
new read address can be placed on ffu^ttki^iadr 


diu_data[63:0I 


64 


In 


Data from DIU to LLU. Each access is 256-blts received over 4 
dockcydes 

First 64-bits is bits 63:0 of 256 bit word 
Second 64-bits is bits 127:64 of 256 bit word 
Thiid 644}its is bits 1 91 :1 28 of 256 bit woid 
Fourth 64-bits Is bits 255:192 of 256 bit word 


diu_IUi.rvaUd 




In 


Signal from DIU telQng LLU that valkf read data Is on the <fiu_data 
bus 


DWU Interfaee 


dwujfujtne.wr 




In 


DWU line write. Indicates that the DWU has completed a lull line 
write. Active liigh 


Uu_dwujine.rd 




Out 


LLU line read. tndk»tes that the LUJ has conr^leted a fine read. 
Active high. 


dwujli/_cfifosi'ze[11 :0][7:0] 


12x8 


In 


Indicates the number of lines in the FIFO t>ef6re the line increment 
wUl wrap around in memory. 


PCU Interface 


pcuJUi.sei 




In 


Block select from the PCU. When pcu^au^seils high both pcu_adr 
and pcujdataoutdse valid. 


pcu_iwn 




In 


Common read/not-write signal from the PCU. 


pcu_adft7:2] 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this block. 


pcu_dataoutt31:0] 


32 


In 


Shared write data tHis from the PCU. 


Hu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When Uu_pcu_rcSy\z high It indicates the 
tastcyde of the access. For a write cyde this n>eans pcu_dataout 
tias t>een registered by the block and for a read cycle this means 
the data on nu_pcu^€/ata is valkl. 


Hu_i)cu.data(31:0] 


32 


Out 


Read data bus to the PCU. 



31.5.3 Configuration registers 

The configuration registers in the LLU are programmed via the PCU interface. Refer to section 2L8.2 on 
page 2S7 for a description of the protocol and timing diagrams for reading and writing registers in the 
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LLU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
LLU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of llu^j?cu^data. Table 1 57 lists the configuration registers in the LLU. 



Table 157. LLU registers description 







tm. 






Control Registers 








0x00 


Reset 


1 


0X1 


Active low synchronous reset, setf de-activating. A 
write to this reQtster wiD cause a LLU block reset 


0x04 


Go 


1 


0x0 


Active high btt ln<ficating the ilXJ Is programmed and 
ready to use. A k>w to high transition wOl cause U.U 
block internal states to reset 


Configuration 


0x06-0x38 


ColorSaseAdrI11:0] 


12x17 


0x0000 
0 


Specifies the base address Qn words) in memory 
where data from a particular half ootor (N) will be 
placed. 


Ox3C 


ColorEnable 


6 


0x3F 


indicates whether a particular color is active or not. 
When inactive no data is written to ORAM for that 
color. 

O'Cdoroff 
1 - Color on 

One bit per cotor, bit 0 is Color 0 and so on. 


0x40 


UneSize 


16 


OxOOOO 


Indicates the number of dots pe r line. 


0x44 


FifoReacfnireshold 


a 


0x00 


Specifies the number of lines that shotjld be in the 
RFO before the LLU starts reading. 


0x4d-0)^8 


CotorReIUne[11:0] 


12x8 


0x00 


Specifies the relative number of fnes to %vait from the 

first before starting to read dot data from the oorre* 

sponding dot data Fif=0 

Bus 0.1 - Even. Odd fine color 0 

Bus 2«3 - Even, Odd fine ootor 1 

Bus 4,5 -Even.Oddlinecok>r2 

Bus 6,7 - Even, Odd fine ootor 3 

Bus 8,9 - Even. Odd fine color 4 

Bus 10.11- Even, Odd line colors 


Working Regtsters 


0x7C 


RfoHllLevel 


8 


0x00 


Number of lines in the dot fine FIFO, line written in but 
not read out (Read Only) 



A low to high transition of the Go register causes the internal states of the LLU to be reset. All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the llu^o .^mlse 
signaL 



The ColorLineInc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store, is used to determine when a half line of data is read from DRAM. It is derived from 
the UneSize register by rounding up the nearest 2S6-bit value. The same value used for all half colors. 

if {line_siz©r7:0J 1=0 > then 

color_lin^_inct7:0I = line.size(l5 :8] ♦ 1 
else 

color_line_incI7:0) = line.size[lS :81 ; 
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31 «5.4 Dot generator 




Dot count 



dot active 



►dot_avail 



bit set 



Extema] Array 




^ — ^ dotjdata 



Figure 230. Dot generator RTL Diagram 

The dot generator block is responsible for ceading dot data fiom the DIU buffeis and sending tiie dot data 
in the correct order to the PHI block. The dot generator waits for llujzn signal from the fifo fill level block, 
once active it starts reading data from the 6 DIU buffers and generating dot data for feeding to the PHI. 

In the LLU there are two instances of the dot generator, one generating odd data and the other generating 
even data 

At any time the ready bit from the PHI could be de-asserted, if this hqipens the dot generator will stop 
generating data, and wait for the ready bit to be re-asseited. 



31,5.4,1 Dot count 



In normal operation the dot counter will wait for die ilu^en and the ready to be active before starting to 
count. The dot count will produce data as long as the phijlu^ready is activa If the phijlu^ready signal 
goes low the count will be stalled. 

The dot counter increments for each dot that is processed per line. It is used to deteimine the line finish 
position, and the bit select value for reading from the DIU buffers. The counter is reset after each line is 
processed {line Jin signal). It determines v^en a line is finished by comparing the dot count with the con- 
figured line size divided by 2 (note that odd numbers of dots will be rounded down), 

// define the line finish 

if (dot_cnt(14:0J == line^aize (15 : 1] )t:hen 

line_fin = 1 
else 

line_fin = O 
// det;ermine if word is valid 

dot_active = ( (llu_en 1) 7^ (phi_llu_ready =^ 1) AND {buf_aiv 0)j 
// counter logic 
if (lIu_go_pulse == 1) then 
dot^cnt =^ 0 

elaif ((dot_active == 1)AND (line_fin == 1)) then 

dot_cnt « 0 
elsif (detractive == 1) then 

dot_cnt » dot_cnt + 1 
else 

dot.cnt = dot_cnt 
// calculate the word select bits 
bit_sel[S:0] 1= dot_cnt[5:0] 
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The dot generalor aiso maintains a read buffer pointer which is incremented each time a 64-bit word is 
processed. The pointer is used to address the correct 64-bit dot data word within the DIU buffers. The 
pointer is reset when llu^o^ulse is I. Unlike the dot counter tiie read pointer is not reset each line but 
rounded up the nearest 256-bit word. This allows for more efficient use of the DIU buffers at line fmish. 

// read pointer logic 
if <llu_go_pulse 1) then 
read_adr = 0 

elsif (( dot_ftctive == 1) AND (dot.cnt 1 5 : 0 ] = 63 ) ) then 

read^adr ♦+ // normal increment 

elsif <( detractive == 1> AND (line_fin « 1 >) then { 
// special end of line case 
if (dot.cntt7:01 \= 0} then 

reacL.a<3rI3:2) // end of line round up 

read_adr(l:0] = 0; 

) 

31.5.5 Fifo fill level 

The LLU keeps a running total of the number of lines in the dot line store FIFO. Every time the DWU sig- 
nals a line end (dwujllu_line_wr active pulse) it increments the fillle\fel. ConvCTSely if the LLU detects a 
line end (line_rd ptilse) thcfilUevel is decremented and the line read is signalled to the DWU via the 
llu_dwu_line_rd signal. 

The LLU fill level block is used to determine when the dot line has enough data stored before the LLU 
should begin to start reading. The LLU at page start is disabled. It waits for the DWU to write lines to the 
dot line FIFO, and for the fill level to increase. The LLU remains disabled until the fill level has reached 
the programmed threshold {fifo^readjhres). When the threshold is reached it signals the LLU to start pro- 
cessing the page by setting llu_en high. Once the LLU has started processing dot data for a page it will not 
stop if the filUevel falls below the threshold 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFillLevel regis- 
ter. The CPU must toggle the Go register in the LLU for the block to be correctly initialized at page start 
and the fifo level reset to zero. 

if (llu_go_pulse 1) then 
filllevel = 0 

elsif ((line_rd =» 1) AND (dwu_aiu_line_wr ==1)) then 

// do nothing 
elsif (line_rd == 1) then 

filllevel -- 
elsif (dwu_llu_line_wr == 1) then 

filllevel ++ 

// determine the threshold, and set the UJJ going 
if <llu_go_pulse 1) then 
llu__€n = 0 

elsif (filllevel == f ifo_jreadL.thre8hold » then 
llu_en = 1 
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31.5.6 DJU interface 
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Ffgure 231. DIU interface 

3i.S.6.i DfU interface description 

The DIU interface block is responsible for determining when dot data needs to be read from DRAM, keep- 
ing the dot generators supplied with data and calculating the DRAM read address based on configured 
parameters. FIFO fill levels and position in a line. 

The fill level block enables DIU requests by activating ilu_en signal. The DfU interface controUer then 
issues requests to die DIU for the LLU buffers to be filled with dot line data (or fill the LLU buffers with 
null data without requesting DRAM access, if required). 

At page start the DIU interface determines which buffers should be filled with null data and which should 
request DRAM access. New requests are issued until the dot line is completely read from DRAM. 
For each request to the DRAM the address generator calculates where in the DRAM the dot data should be 
read from. The color_enable bus determines which colors are enabled, the interface never issues DRAM 
requests for disabled colors. 
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31,5.6.2 interface controNer 
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Machine remains In same state by default 
All outputs are zero unless otherwise stated 

State Description: 

Idle : Idle state wait for active request 

ColorSelect Select the color to update before 
requesting to DIU 

Request: Request Issued wait for acknowledge 

DataO: Data word 0 transfer 

Datal: Data word 1 transfer 

Data2: Data word 2 transfer 

Oata3: Data word 3 transfer 



Figure 232. Interface controller state diagram 



The interface controller co-ordinates and issues reqtiests for data transfers from DRAM. The state machine 
waits in Idle state until it is enabled by tfie LLU controller {Uu_fin) and a request for data transfer is 
received from the write pointer block. 

When an active request is received {req^active equals I) the state machine jumps to the ColorSelect state 
to deteimine which colors (color^cnt) in the group need a data transfer. A group is defined as all odd col- 
ors or all even colors. If the color isn't enabled (color^enabie) the count just increments, and no data is 
transferred. If the color is enabled, the state machine takes one of two options, either a null data transfer or 
an actual data transfer from DRAM. A null data transfer writes zero data to the DIU buffer and does not 
issue a request to DRAM. 

The state machine determines if a null transfer is required by checking the color _fiUtrt signal for that color. 

If a null transfer is required the state machine doesn't need to issue a request to the DIU and so jumps 
direcdy to the data transfer states {DataO to DataS), The machine clocks through the 4 states each time 
writing a null 64-bit data word to the buffer. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required. 

If the color_start is active then a data transfer is required. The state machine jimips to the Request state 
and issue a request to the DIU controller for DRAM access by setting Uu_diu_rreq high. The DIU 
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responds by acknowledging the request (diujlu_rack equals 1) and then sending 4 64-bit words of data. 
The transition fh)m Request to DataO state signals the address generator to update the address pointer 
(adr^update). The state machine clocks through DataO to Data3 states each time writing the 64-bit data 
into the buffer selected by the req^sel bus. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required 

When in the ColorSelect state and all data transfers for colors in that group have been serviced {i.e. when 
color^cnt is 6) the state machine will return to the Idle state. On transition it will update the word counter 
logic {word_dec) and enabled the request logic {req_iipdate\ 

A reset or llu^o_j>ulse set to I will cause the state machine to jump directly to Idle, The controller will 
remain in Idle state until it is enabled by tiie LLU controller via the llu^en signal. This prevents the DIU 
attempting the fill the DIU buffers before the dot Une store FIFO has filled over its threshold level. 

31.5.6.3 Color activate 

The color activate logic maintains an absolute line count indicating the line number cuirently being pro- 
cessed by the LLU. The counter is reset when the Uu^ojmlse is I and incremented each time a line^rd 
pulse is received The count value (line^cnt) is used to determine when to start reading data for a color. 
The count is implemented as follows: 

if < llu_go^ulse == 1) then 

line_cnt = 0 
elsif ( line^rd == 1) then 

line_cnt +♦ 

The color activate logic compares line count with the relative line value to determine when the LLU 
should start reading data from DRAM for a particular half color. It signals the interface controUcr block 
which colors are active for this dot line in a page (via thc color^tart bus). It is used by the interfece con- 
troller to determine which DIU buffers require null data. 

Once the color^tart bit for a color is set it cannot be cleared in the normal page processing process. The 
bits must be reset by the CPU at the end of a page by transitioning the Co bit and causing a pulse on the 
llu^go^ulse signal. 

Any color not ^labled by the color^enable bus will never have its color^start bit set. 

for (i=0; i<12;i++) { 

if ( llu_go^ulse 1) then 

col.onCi] = 0 
elsif ( color.enableCi % 6) == 1 ) then 

col_on(ij « 0 
elsif < line„cnt «» color_rel_line[lJ > then 

col_onCi] = 1 

) 

// select either odd or even colors 

if ( odd_even_sel «= 1 ) then // odd selected 

color_start f S : 0 1 = <col_on [11 J , col_on [9 J , col^onC? J , col^on ( 5) , col_on(3 1 , col_on (1 ) ) 
else // even selected 

color_start(5:0J = (col_onC101 ,col_on(8J ,col_onC63 ,col_on{43 . col_on(23 .col^ontO) ) 

31.5.6,4 Address generator 

The address generator block maintains 12 pointers (color^adrfj J :0J) to DRAM corresponding to current 
read address in the dot line store for each half colon When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for the color. The pointer used is selected by the reqjsel 
bus, and the pointer update is initiated by the adrjupdate signal from the interfece controller. 
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The pointer update and pointer initialization is dependent on the pointer position in a line and the line posi- 
tion in the FIFO. 

When a Uu_go^pulse is received the pointers are each initialized to the corresponding base address for that 
color {color Jbase^fldry For each word that is read from DRAM the pointer is incremented If the word is 
the last word in a line (last_wd equals 1) and the last line in the fifo (fifojsnd equals 1) then the address 
pointer is re-initialized to the base address value. The pointer is incremented for all other words. 

The address is calculated as follows: 

// reset to base address 
if (llu^go^ulse == 1) then 

color_adr[ll:0] ^ color_base_adrCll :0] [21:5] 
elsif ( adr_update i) tihen 
if {req.8el NULL ) then 

//do nothing 
elsif ((fifo.end == 1)AND llast.vrd 1)) then 

color_adr [reQ_sel ] «= color_base_adr (reo-sell (21:5] 
else 

color_adr(re<x.sel] ^-^ // normal increment 
// select the address pointer 
llu_diu_radr « color^adr [rea_sel] 



51.5.6.5 Line pointer 

The line pointer logic counts the number of dot data lines read from DRAM for each color. The counter 
value is used to signal the fifo wrap point to the address generator logic. A separate counter is maintained 
for each color. 

The end of a line can be determined when the address is updated {adrjupdate equal 1) and the word trans- 
ferred is the last word of a line (fast^wd equal 1). The line pointer that needs to be updated is selected by 
the req_fiel bus from the write pointer block. If the selected pointer is zero the counter is reset to the corre- 
sponding color _Jifo_size value, otherwise the counter is decremented. 

If the llu_go^ulse signal is high the counters are reset to its corresponding color Jifo_size value. When 
the counter is zero it sets the fifo_end bit to signal die address generator that the fifo has wrapped (to 
update the address pointer accordingly). 

if (llu^o_pulse == 1) then 

line_pt[ll:01 = color^f if o_si2e [ 11 : 0] 
elsif ( (adr_update e= i) AND (laat_wd 1)) then { 

if (line^t (re<L.sel] .== 0) 

line^pt (req_sell = color^f ifo^sizeCreq_sel] 

else 

1 ine_p 1 1 requsel ] — 

} 

// select the correct line pointer for comparison 
fifo_end = (line_pt {line_pt) == 0) 

31.5.5.6 Write pointer 

The write pointer logic maintains the buffer write address pointers, determines when the DIU buffers need 
a data transfer and signals when the DIU buffers are empty. The write pointer determines the address in the 
DIU buffer that the data should be transferred to. 

The write pointer logic compares the read and write pointers of each DIU buffer to determine which buff- 
ers require data to be transferred from DRAM (pend[ll:OJ bus), and which buffers are empty (the 
bufjemp signals). Only enabled buffers are considered as indicated by the color^enable bus. 
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Buffers are grouped into odd and even buffers, if an odd buffer requires DRAM access the odd^end sig- 
nals will be active, if an even buffer requires DRAM access the even ^end signals wUl be active. If both 
odd and even buffer require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic wUl indicate to the interface controller via the req^active 
signal, with the odd^even^el signal determining which group of buffers get serviced The interface con- 
troller wil! check the color_enable signal and issue DRAM transfers for all enabled colors in a group 
When the transfers axe complete it tells the write pointer logic to update the request pending via 
reqjupdate sigaal. 

The req_sel[3:0] signal teUs the address generator which buffer is bemg serviced, it is constructed from 
the odd^evenjsel signal and the color^cnt[2:0] bus from the interface controller. When data is being tians- 
ferred to DRAM the word pointer and write pointer for tiie corresponding buffer are i^)dated. The req^el 
detennines which pointer should be incremented. 

The write pointer logic operates the same way regardless of whether the transfer is null or not 

// determine which buffers need updates 
for< i=0; i<12; i-<-+) { 

// determine if request is active, filtered by color enable 
if ( wr^adrtil [3:2J rct_adrCi J [3 :21 ) 

pend[ij = 1 
else 

pend(i] - 0 
// determine if any enabled buffer is en5)ty 

if (<wr_adrtij[3:0) « rd^adr [ij (3 :01 ) and <color_enablefi / 21 =» l) ) then 
buf_einpCi] = 1 

) 

// Odd half colors (1,3,5,7,9.11), even half colors (0,2,4,6,8,10) 
odd_pend ^ { pendClJ | pendl33 | pendtS) ( pend(7j | pendI9) | pendClil ) 
even_pend = ( pendfOJ | pend(23 | pendC4) | pend(6) | pendCSJ | pendtlOJ ) 
// fixed servicing order, only update when controller dictates so 
if (re<i_\ipdate 1) then { 

if (everupend == 1) then // even always first 

odd^even^sel s 0 

req_active = 1 
elsif (odd_pend 1 ) then // then check odd 

odd^even_aol » 0 

req_active = 1 

// nothing active 

odd^even^sel = 0 
requactive = 0 

> 

// selected requestor 

req_sel£3:0] = <color_cntC2:0J ,odd_even_sel> // concatentatlon 

The write address pointer logic consists of 12 2-bit counters and a word select pointer. The counters are 
reset when llu_£o^nilse is one. The word pointer (word^tr) is common to all buffere and is used to write 
64.bit words into the DIU buffer. It is incremented when buf_rd_en is active. If the word ^tr is 3 and the 
buf^rd^en is active the selected write pointer {wr^trfreqjselj) wiU be incremented A concatenation of 
the wnte pointer and the word pointer are use to constmct the buffer write address. The write pointers are 
not reset at the end of each line. 

// determine which pointer to update 
if (buf_wr_en == 1) then ( 

wr_adr f req_sel ] 

wr_en[req_selj = 1 

) 
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// determine which pointer to update 
if (llu_go^ulfie == 1) then 

wr_ptr[ll:0) e 0 

word_ptr = 0 
elsif (buf_r4.en t== i) then { 

word_ptr+* 

if (word_j>tr 3 ) then 
wr_pt r C req_sea ] ♦ + 

) 

// create the address from the write pointer and word pointer 
wr_adr(req^sel3 = {wr_ptrrreQ«sell .wordj>tr) // concatenation 



31,5.6.7 Word count 



The word count logic maintains 2 counters to track the number of words transferred from DRAM per line 
one counter for odd data, and one counter for even. On receipt of a Uu^o^lse, the counters are initial- 
IWa^I ^^/or_/m^.,>ic value (number of words per line). When a group of words are transferred to 
DRAM as indicated by the word^dec signal from the interface controller, the conesponding counter is 
decremented Jhe counter to decrement is indicated by the odd^even^sel signal from the write pointer 
block (even ^ 0, odd =1). *^ 

When a counter is zero the iasi_wd signal for that group (i.e. odd or even) is set. The last^wd signal indi- 
cates to tiie address generator that the next word transferred from DRAM for the conesponding color is the 
last word m the Ime. When the last word actuaDy gets transferred the mterface controller will pulse the 
word^dec signal causing the corresponding word count to reset to the color Jinejnc value. 

// determine which counter to decrement 
if (llu_go_puloe =a 1) then 

word_cnttOJ » color_line_inc // odd count 

word_cntll) = colorjine.inc // even count 
eXsif (word.dec « 1) then { // need to decrement one word counter 

if <word_cntCodd_even_sel) == 0) then // line finish 

wora_cnt(od4_even»sel) = color_line_inc 

else 

wor<^cnc [odd_even_seX ) — 

> 

// select the correct the last.wd 
last_wd = (wordLcnt(oddLeven_8el] «« 0) 

The word count logic also determines when a complete line has been read from DRAM, it then signals the 
fifo fill level logic in both the LLU and DWU (via iine_rd signal) that a complete line has been read by the 

// line finish logic 

if (llu_go_pulse == 1) then 

line_fin o 0 

line_rd = 0 

elsif (dast^wd 1) AND (line^fin 0) AND (wor4_dec =« 1 ) > then 
lxne_fin =1 // first group last.wd finish pulse 

lrne_rd = 0 

elsif (dast.wd =« 1> AND (line.fin i) and (word^dec == 1 ) ) then 
line.fin = 0 // second group last.wd finish pulse 

line_rd =: l 

else 

line_fin = line_fin // stay the same 

llne_rd = 0 
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32 PrintHead Interface (PHI) 



32.1 OVERVJEW' 



The Printhead interface (PHI) accepts dot data from the LLU and transmits the dot data to the printhead. 
using the printhead interface mechanism, the PHI generates the control and timing signals necessary to 
load and drive the bi-Uthic printhead The CPU detennines the line i^jdate rate to the printhead and adjusts 
the line sync frequency to produce the maximum print speed to account for the printhead IC*s size ratio 
and inherent latencies in the syncing system across multiple SoPECs. 

The PHI also needs to consider the order in which dot data is loaded in the printhead. This is dependent on 
the construction of the printhead and the relative sizes of printhead ICs used to create the printhead. See 
Bi-lithic Printhead Reference document for a complete description of printhead types [10]. 

The printing process is a real-time process. Once the printing process has started, the next Printline's data 
must be transferred to the printhead before the next line sync pulse is received by the printhead. Otherwise 
the printing process will terminate with a buffer underrun error. 

The PHI can be configured to drive a single printhead IC with or without synchronization to other 
SoPECs. For example the PHI could drive a single IC printhead (i.e. a printhead constucted with one IC 
only), or dual IC printhead with one SoPEC device driving each printhead IC- 

The PHI interface provides a mechanism for the CPU to duectly control &e PHI interface pins, allowing 
the CPU to access the bi-lithic printhead to: 

• determine printhead temperature 

• test for and determine dead nozzles for each printhead IC 

• initialize each printhead IC 

• pre-heat each printhead IC 

Figure 233 shows a high level data flow diagram of the PHI in context. 



SoPEC 



LLU 







Temo data ^ 


PHf 


^ control 







CPU 




Bi-lifhic Printhead 
Figure 233. High level data flow diagram of PHI in context 
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32.2 PRfNTHEAD MODES OF OPERATION 

The printhcad has 4 different modes of operations (although some modes are re-used). The mode of oper- 
ation IS defined by the state of the output pins phLlsyncl and phi_readl. As both printhead ICs are driven 
by the same signals both printhead ICs must be in the same mode of operation. The modes of operation are 
defined m Table 1S8. "uoic 

Table 158. Printhead modes of operation 



NORMAL 


1 


1 


N/A 


Normal print mode, dot data is clocked into the print- 


DOr^LCWVO/ 
RREJNIT 


1 


0 


phiJrcllcdQ 


Dot Load Mode, data stored in the dot shift register is 
transferred into the dot latch on the blling edge of 
phi^fsynd, and latched In on the rising edge of 
phljsynct 


phLsrcfk='\ 


Rre load mode. Parameter for generating fire pattern 
are loaded into generator, data on pN_ph_{fata[1 :0][OJ 
Is docked into the generator on each rising edge of 
phij/dk 


TEST_MODE 


0 


0 




Dot Lx>ad Mode, data stored in the dot shift register is 
transferred into the dot register on the rising edge of 
phijsynct, identical to DCHLLOAD 


phi_srctk=^ 


The printhead is In test mode, the temperature delta 
Sigma Is clocked out of the printhead on the rising of 
frdk through phLpfljiata[1:0^1] 
The result of the nozzle test is docked out of the print- 
head through pN^_<tataf1:0}{0J 


FIRE_GEN 


0 


1 




The nozzle test circuit Is reset 

CMOS testing mode, the dot shift register is scanned 

out of the printhead on the falling edge of phLsfdtc 

Data is output on phLph_data[l:0][1:0} 

The initialised generator creates the fire pattern and 

shift select pattern, and the pattern is ckxAed into the 

fire shift register and s^ect shift register on the rising 

edge of phLtrdk 



32.3 Data rate equauzatign 



The LLU can generate dot data at the rate of 12 bits per cycle, where a cycle is at the system clock fre- 
qucncy. In order to achieve the target print rate of 30 sheets per minute, the printhead needs to print a line 
every 100|is (calculated from 300mm @ 65.2 dots/mm divided by 2 seconds lOOjisec) For a 7 3 con- 
structed prmthead tfiis means that 9744 cycles at 106Mhz is quick enough to transfer the dot data. The 
input FIFOs are used to de-couple the read and write clock domains as well as provide for differences 
between consume and fill rates of the PHI and LLU. 

Nominally the system clock (pclk) is run at 160Mh2 and the printhead interface clock (phiclk) is at 
lOoMhz. 

If the PHI was to transfer data at the full printhead interface rate, the transfer of data to the shorter print- 
head IC would be completed sooner than the longer printhead ZC. While in itself this isn't an issue it 
requires that the LLU be able to supply data at the maximum rate for short duration, this requires uneven 
bursty access to DRAM which is undesirable. To smooth the LLU DRAM access requirements over time 
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i3 



the PHI transfers dot data to the piinthead at a pre-programmed rate, proportional to the ratio of the shorter 
to longer printhead ICs. 



Without Rate equalization (7:3 head) 

phijaynd JJ 
phl_ph„data(0JI1 rO] [ . \ . 

phi_ph_data(1][1:0] 
phLsrdklO} 



100 usee 



IT 



1 



n 



phLsrclkllJ 



With Rate equalization (7:3 head) 
phi Jsynd jj 



phlj>h.data[0][l:0]- 



phi_ph_data[1I[1:0] 


1- - 








phLsrclk[0] 











phi_8fclk[1] 



Figure 23S. Printhead data rate equalization 

The printhead data rate equalization is controlled by PrintHeadRate[l:0] registers (one per printhead IQ. 
The register is a 16 bit bitmap of active clock cycles in a 16 clock cycle window. For exanq)le if the regis- 
ter is set to OxFFFF then the output rate to the printhead will be full rate, if it's set to OxFOFO then the out- 
put rate is 50% where there is 4 active cycles followed by 4 inactive cycles and so on. If the register was 
set to 0x0000 the rate would be 0%. The relative data transfer rate of the printhead can be varied from 0- 
100% with a granularity of 1/16 steps. 



Table 159. Example rate equaiizatlon values for common printheads 









6:2 


OxFFFF (100%) 


Oxllll (25%) 


7:3 


OxFFFF (100%) 


0x5551(43.7%) 


6:4 


OxFFFF (100%) 


0xFlF2{68.7%) 


5:5 


OxFFFF (100%) 


OxFFFF (100%) 



both printhead ICs, to reduce the read bandwidth from the DRAM« 
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32.4 Dot generate and transmit order 

Several printhead types and arrangements exists (see Section 35 Memjet Printhead) . The PHI is capable of 
driving all possible configurations, but for the purposes of simplicity only one arrangement (airangement 0 
- see Section 35 Memjet Printhead) is described in the following examples. 



DotTmnsmct 
Order ~ 



Q i O O O ' 



■ O O O 



in-6 m-4 m-1 



o o O - o: 



o o o 



m-S m*} m>l 




o o o - 



■ o o o o 



OOP - 



M+l B^3 



0-6 D-4 n-2 



-o o o c 



11.5 ».) n-l 





Type 0 printhead IC 


Type 1 printhead IC 






Paper 


M - Midway point tn dots 




N Number of dots in a line 


Note: Paper passing under prfntheacf 



I 



5 Unes 



Paper 
I Direction 



Figure 236. Printhead structure and dot generate order 

The structure of the printhead ICs dictate the dot transmit order to each printhead IC. The PHI accepts two 
streams of dot data from the LLU, one even stream the other odd. The PHI constructs the dot transmit 
order streams from the dot generate order received from the LLU. Each stream of data has already been 
arranged in increasing or decreasing dot order sense by the DWU. The exact sense choice is dependent on 
the type of printhead ICs used to construct the printhead, but regardless of configuration the odd and even 
stream should be of opposing sense. 

The dot transmit order is shown in Figure 236. Dot data is shifted into the printhead in the direction of ^e 
arrow, so from the diagram (taking the type 0 printhead IC) even dot data is transferred in increasing order 
to the mid point first (0, 2, 4, .... m-6, m-4, m-2). then odd dot data in decreasing order is transferred (m-l, 
m-3, m-5,...., 5, 3, 1). For the type 1 printhead IC the order is reversed, with odd dots in increasing order 
transmitted first, followed by even dot data in decreasing order. Note for any given color the odd and even 
dot data transferred to the printhead ICs are from different dot lines, in the example in the diagram they are 
separated by 5 dot lines. Table 160 shows the transmit dot order for some common A4 printheads. Differ- 
ent type printheads may have the sense reversed and may have an odd before even transmit order or vice 
versa. 



Tabre 160. Example printhead ICs, and dot data transmit order for A4 (13824 dots) page 









Type 0 Printhead IC 


8 


11160 


0^,4.8 ^74^76,5578 


5579.5577.5575 7,5,3.1 


7 


9744 


0;3,4,8 ,4866,4868»4870 


4871.4869,4867 7.5.3.1 


6 


8328 


0,2,4,8 4 1 58.41 60.41 62 


4163.4161.4159 7.5,3,1 


5 


6912 


0,2.4.8 ,3450,3452.3454 


3455.3453.3451 7,5,3.1 


4 


5496 


0.2,4,8 ^742.2744 ^746 


2847,2845,2843 7.5.3.1 


3 


4080 


0.2.4,8 ,2034.2036.2038 


2039.2037.2035 7.5.3,1 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page 502 



SoPEC : Hardware Design 



Table 1 60. Example printhead ICs, and dot data transmit order for A4 (1 3824 dots) page 







Disss 








2 


1 2664 


0^,4.8 1326,1328.1330 


1331.1329.1327... 


...7,53.1 


Type 1 Printhead IC 


e 


11160 


13823,13821,13819. 


.....1337.1335,1333 


1332.1334.1336... 


....13818,13820.13822 


7 


9744 


13823.13821.13819. 




2040.2042,2044... 


.,..13818.13820,13822 


6 


8328 


13823.13821.13819. 


2853,2851.2849 


2848.2850.2852... 


....13818.13820.13822 


5 


6912 


13823.13821.13819.. 


34613459.3457 


3456,3458.3460... 


....13818.13820,13822 


4 


5496 


13823.13821,13819.. 


.....4169,4167,4165 


4164.4166.4168... 


....13816.13820,13822 


3 


4080 


13823.13821.13819.. 


4877,4875,4873 


4872.4874.4876... 


....13818.13620,13822 


2 


2664 


13823,13821.13819.. 




5580,5582.5584... 


....13818.13820.13822 



32.4.1 Dual Printhead tC 

Generate dot order (from the LLU) 

Odd Dot stream 
Even Dot stream 



Transmit dot order(to the printhead) 



6912 dock cycles 

Mid 
PbJnt 



Printhead Channef A |^ 
Prhithead Channel B 



4072 dock cydes 



2040 clock cySSS" 



9744 ck)ck cycles 



Evan dots from Line Y 
Odd dots from UneY-5 



Example: Line with 13824 dots. %vith 73 printhead 
Figure 237. Dot data generated and transmitted order 



The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of dots in increasing or decreasing order. A dot generator can be configured to produce odd or even 
dot data streams, and the dot sense is also configurable. In Figure 237 the odd dot generator is configured 
to produce odd dot data in decreasing order and the even dot generator produces dot data in increasing 
order. 

In order to reconstruct the dot data streains from the generate order to the transmit order, the connection 
between the generators and transmitters needs to be switched at the mid point. At line start the odd dot 
generator feeds the type 1 printhead, and the even dot generator feeds the type 0 printhead. This continues 
imtil both printheads have received half the number of dots they require (defined as the mid point). The 
mid point is calculated from the configured printhead size registers (JPrintHeadSize), Once both printheads 
have reached the mid point, the PHI switches the connections between the dot generators and the print- 
head, so now the odd dot generator feeds the type 0 printhead and the even dot generator feeds the type 1 
printhead. This continues until the end of the line. 
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It is possible that both printheads will not be the same size and as a result one dot generator may reach the 
mid point before the other. In such cases the quicker dot generator is stalled until both dot generators reach 
the mid point, the connections are switched and both dot generators are restarted 

Note that in the example shown in Figure 237 the dot generators could generate an A4 line of data in 6912 
^cles, but because of the mismatch in the printhead IC sizes the transmit time takes 9744 cycles. 

I 32.4.2 Single printhead IC 

In some cases only one printhead IC may be connected to the PHI. In Figure 238 the dot generate and 
I transmit order is shown for a single IC printhead of 9744 dots width. While the example shows the print- 

head IC connected to channel A, eitiier channel could be used The LLU generates odd and even dot 
streams as normal, it has no knowledge of the physical printhead configuration. The PHI is configured 
I with the printhead size (PrintHeadSizefJJ register) for channel B set to zero and channel A is set to 9744. 

Generate dot order (from the LLU) 



Odd Dot stream 



Even Dot stream 

















H 




— M 



Transmit dot order(to the printhead) 



Mid 
Point 



Printhead ChannelA g27^^-}1l^^i^^R?^ 




£9742? 


Printhead Channel B 


497ZciocKcycies 
^ 


487*2 clodccydw 






9744 dock cycles 


► 


Wti Even dots from UneY 






fej Odd dots from UneY-5 


Example: Line with 9744 dots, with 7:0 printhead 





Figure 238. Dot data generated and transmitted order (single printhead case) 

Note that in the example shown in Figure 238 the dot generators could generate an 7 inch line of data in 
4872 cycles, but because the printhead is using one IC, die transmit time takes 9744 cycles, die same speed 
as an A4 line with a 7:3 printhead 



32.4.3 Summary of generate and transmit order requirements 

In order to support all the possible printhead arrangements, the PHI (in conjuction with the LLU/DWU) 
must be capable of re-ordering the bits according to the following criteria: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 
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32.5 Print sequence 

The PHI is responsible for accepting dot data streams from the LLU, restructuring the dot data sequence 
and transferring the dot data to each printhead within a line time (i.c before the next line sync). 

Before a page can be printed the printhead ICs must be initialized. The exact initialization sequence is con- 
figuration dependent, but will involve the fire pattern generation initialization and other optional steps. The 
initialization sequence is implemented in software. 

Once the first line of data has been transferred to the printhead, the PHI will intemipt the CPU by asserting 
thcphi_icu^rinc_rdy signal. The intemipt can be optionally masked in the ICU and the CPU can poll the 
signal via the PCU or the ICU. The CPU must wiait for a print ready signal in all printing SoPECs before 
starting printing. 

Once the CPU in the PrintMaster SoPEC is satisfied that printing should start, it triggers the LineSync- 
Master SoPEC by writing to the PrintStart register of all printing SoPECs. The transition of the PrintStart 
register in the LineSjmcMastcr SoPEC will trigger the start of Isynci pulse generation. The PrintMaster 
and LineSyncMaster SoPEC are not necessarily the same device, but often are die same. For a more in 
depth definition see section 12.3 Multi-SoPEC systems on page 104. 

Writing to the PrintStart register generates a pulse which is used to generate the line sync in the LineSyn- 
cMaster which is in turn used to align all SoPECs in a multi-SoPEC system. All prindiead signaling is 
aligned to the line sync. The PrintStart is only used to align the first line sync in a page. 

When a SoPEC receives a line sync pidse it means that the line previously transferred to the printhead is 
now printing, so the PHI can begin to transfer the next line of data to the printhead. When the transfer is 
complete the PHI will wait for the next line sync pulse before repeating tiic cycle. If a line sync arrives 
before a complete line is transfeired to the printhead (i.e. a buffer error) the PHI generates a buffer under- 
run intemq)t, and halts the block. 

For each line in a page the PHI must transfer a full line of data to the printhead before the next line sync is 
generated or received. 

32.5.1 Sync pulse control 

If the PHI is configured as the LineSyncMaster SoPEC it will start generating line sync signals LsyncPre 
number of phiclk cycles after PrintStart register rising transition is detected All other signals in the PHI 
interface are referenced from the falling edge of phijbyncl signal. 

If the SoPEC is in line sync slave mode it will receive a line sync pulse from the LineSyncMaster SoPEC 
throu^ ih&phijsyncl pin which wOl be programmed into input mode. The phijsyncl input pin is treated 
as an asynchronous input and is passed through a de-glitcfa circuit of progranunable de-glitch duration 
iLsyncDegUtchCnt), 

The phijsyncl will remain low for LsyncLow cycles, and then high for LsyncHigh cycles. The phijsyncl 
profile is repeated untO the page is complete. The period of the phijsyncl is given by LsyncLow + Lsyn- 
cHigh cycles. Note that the LsyncPre value is only used to vary the time between the generation of the fiist 
phijsyncl and the PageStart indication from the CPU. See Figure 239 for reference diagram. 

If the SoPEC device is in line sync slave mode, the LsyncMinPeriod register specifies the minimum 
allowed phijsyncl period. Any phijsyncl pulses received before the LsyncMinPeriod has expired will 
trigger a buffer underrun error. 

32.5.2 Shift register signal control 

Once the PHI receives the line sync pulse, the sequence of data transfer to the printhead begins. All PHI 
control signals are specified from the falling edge of the line sync. 
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The phi_srclk (and consequently phi^hjdata) is controlled by the SrtilkPre, SrclkPost registers. The 
SrclkPre specifies the number of phiclk cycles to wait before beginning to transfer data to the printhead. 
Once data transfer has started, the profile of the phi_srclk is controlled by PrintHeadRate register and the 
status of the PHI input FIFO. For example it is possible that the input FIFO could empty and no data 
would be transfeaed to the printhead while the PHI was waiting. After all the data for a printhead is trans- 
ferred to the PHI, it counts SrclkPost number of phiclk cycles. If a new phijsyncl falling edge arrives 
before the count is complete the PHI will generate a buffer undenun interrupt {phijcu_underruny 



32.5.3 Firing sequence signal control 



The profile of the phijrclk pulses per line is determined by 4 registers FrclkPre, FrclkLow, FrclkHigh, 
FrclkNum, The FrclkPre register specifies the number of cycles between line sync felling edge and the 
phijrclk pulse high. It remains hi^ for FhclkHigh cycles and then low for FrclkLow cycles. The number 
of pulses generated per line is detennined by FrclkNum register. 

Ths phi^rqfile pin is specified in a similar manner by the ProfilePre, ProfileLow, ProfileHigh^ PrvftleNum 
registers. 

The phijrclk period and the phi^profile period should be programmed the same, so FrclkHigh + FrclkLow 
should equal the ProfileHigh + ProfileLow, and the number of cycles for each in a line time should also be 
equal i.e. FrdkNum = ProfileNum, 

The total number of cycles required to complete a firing sequence should be less than the phijlsyncl period 
i.e. {{ProfileHigh + ProfileLow) * PwfileNum)^ ProfilePre < (LsyncLow + LsyncHigh). 

^ LsyncPre 

_ n 



LsyncPgfiod 



phi_lsynd 



| LsvncLow^^ 



LsyncHigh 



1_ 



phLsrdk 



phLph_data 



phi^frdk 



phLprofile. 



.SfclKPre 



^ SfClKfN>st ■ ^ 
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RdkPra 
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FrdkHigh 
-►^ 



J — I I — L 



ProfilePre 



PfofDeHIgh 



ProfileLow 
< K 
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Figure 239. Printhead interface timing parameters 



Figure 239 details the timing parameters controlling the PHI. All timing parameters are measured in nimi- 
ber of phiclk cycles. 



32.5.4 Page complete 

The PHI counts the number of lines processed through the interface. The line count is initialised to the 
PageLenLine and decrements each time a line is processed. When the line count is zero it pulses the 
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phijcu^agejinish signal. A pulse on the phijcu_pagejinish automatically resets the PHI Go register, 
and can optionally cause an interrupt to the CPU. Should the page terminate abupnnally, Le. a buflfer 
undemin, the Go register will be reset and an intemipt generated. 

32.5.5 Line sync interrupt 

The PHI will generate an interrupt to the CPU after a predefined number of line syncs have occured The 
number of line syncs to count is configured by the LineSyncInterrupt register. The intemipt can be dis- 
abled by setting the register to zero. 

32.6 Dot line aaargin 

The PHI block allows the generation of margins either side of the received page fi-om the LLU block. This 
allows the page width used witiiin PEP blocks to differ from the physical printhead size. 

This allows SoPEC to store data for a page minus the maigins, resulting in less storage requirements in the 
shared DRAM and reduced memory bandwidth requirements. The difference between the dot data line 
size and the line length generated by the PHI is the dot line maigin length. There are two margins specified 
' for any sheet, a margin per printhead IC side. 

The maigin value is set by programming the DotMargin register per printhead IC. It should be noted that 
the DotMargin register represents half the width of the actual maigin (either left or right maigin depending 
on paper flow direction). For example, if the margin in dots is 1 inch (1600 dots), then DotMargin should 
be set to 800. The reason for this is that the PHI only supports margin creation cases 1 and 3 described 
below. 
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See example in Figure 240. 



Margin 



Print area(4772 dots) 




Direction 



isynd LT 



ULUdata. 
phi^_data^ 



UUdata. 
phLsfcOc" 

COMd 

IXUdata^ 
phLsTdk" 



EE 



9544 dots 





Figure 240. Printthead timing with margining 



In tlie example the mai:gin for the type 0 printhead IC is set at 100 dots lDotAfargin=lOO), implying an 
actual margin of 200 dots. 

If case one is used the PHI takes a total of 9744 /^AO/r/it cycles to load the dot data into the type 0 print- 
head. It also requires 9744 dots of data from the LLU which in turn gets read from the DRAM, In this case 
the first 100 and last 1 00 dots would be zero but are processed though the SoPEC system consuming mem- 
ory and DRAM bandwidth at each step. 

In case 2 the LLU no longer generates the margin dots, the PHI generates the zeroed out dots for the mar- 
gining. ThQ phi^srclk shU needs to toggle 9744 times per line, although the LLU only needs to generate 
9544 dots giving the reduction in DRAM storage and associated bandwidth. The case 2 senario is not sup- 
ported by the PHI because the same effect can be supported by means of case 1 and case 3, 

If case 3 is used the benefits of case 2 are achieved, but the phi_srclk no longer needs to toggle the full 
9744 clock cycles. The phi_^rclk cycles count can be reduced by the margin amotmt (in this case 9744- 
100=9644 dots), and due to the reduction inphi^srclk cycles the phijsyncl peri<Kl could also be reduced, 
increasing the line processing rate and consequently increasing print speed. Case 3 works by shifting the 
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odd (or even) dots of a margin fcom line Y to become the even (or odd) dots of the margin Y^, (Y-5 
adjusted due to being printed one line later). This works for all lines with the exception of the first line 
where there has been no previous line to generate the zeroed out margin. This situation is handled by add- 
mg the line reset sequence to the printhead initialization procedure, and is repeated between pages of a 
document. See section 32.8.3 on page 512. 



32.7 Dot counter 

For each color the PHI keeps a dot usage count for each of the color planes (called AccumDotCount). If a 
dot is used in particular color plane the corresponding counter is incremented. Each counter is 32 bits wide 
and saturates if not reset. A write to the DotCouniSnap register causes the AccumDotCowitfN] values to 
be transferred to the DotCountfNJ registers (where N is 5 to 0, one per color). The AccumDotCount regis- 
ters are cleared on value transfer. 

The DotCount[N] registers can be written to or read from by the CPU at any time. On reset the counters 
are reset to zero. 

The dot counter only count dots that are passed from the LLU through ther PHI to the printhead. Any dots 
generated by direct CPU control of the PHI pins wiU not be counted. 



32.8 CPU lO CONTROL 

The PHI interface provides a mechanism for the CPU to directly control the PHI interface pins, allowing 
the CPU to access the bi-lithic printhead: 

• Determine printhead temperature 

• Test for and determine dead nozzles for each printiiead IC 

• Printhead IC initialization 

• Printhead pre-heat function 

The CPU can gain direct control of the printhead interface connections by setting the PrintHeadCpuCtrl 
register to one. Once enabled the printhead bits are driven directly by the FrintHeadCpuOut control regis- 
ter, where the values in the register are reflected directly on the printhead pins and the status of the print- 
head input pins can be read directly fh>m the PrintHeadCpuIn, TTie direction of pins is controlled by 
programming PrintHeadCpuDir register. The register to pin mapping is as follows: 



Table 161. CPU control and status registers mapping to printhead Interface 









PrfntHeadCpuOut 


1:0 


phi_ph.data.olO][1 .*0] 


3:2 


phi _ph_data_o[1 ][1 :0] 


4 


phLteyncl_o 


5 


phLreadI 


7:6 


phLsrdkflrO] 


8 


phLfrdk 


9 


phi_profile 
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Table 161. CPU control and status registers mapping to printhead Interface 







PrintHeadCpuDIr 


1:0 


phjj3h_cfata.e(0]I1:0] direction control. 
1 • output mode 
0* input mode 


3:2 


phl_ph_data_elini :01 direction control 
1 ' output mode 
0 - Input mode 


4 


phLlsyncl.e direction control 
1 • output mode 
0 • input mode 


PrintHeadCpuIn 


1:0 


phi_ph_datiL.l[0][1:0) 


3:2 


phl_ph_dataj[t 111:01 


4 


phLlsyndJ 



It is important to note that once in FrintHeadCpuCtrl mode it is the responsibility of the CPU to drive the 
printhead correctly and not create situations where the printhead could be destroyed such as activating all 
nozzles together. 

Note the following procedures are based on current printhead capabilities, and are subject to change. 

32.8.1 Dead nozzle information capture 

The CPU (via the direct printhead control mechanism) has the capability of testing each of the nozzles in 
the printhead and determining which nozzles are dead, the resultant dead nozzle information is processed 
by the CPU to generate the dead nozzle table used by the DNC. 

32,8.1.i Nozzie test procedure 

The nozzle test software must first initialize the fire pattern generator for each printhead IC as normal, then 
it must initialize the fire pattern register as normal. The fire pattcm generator parameteis must be chosen 
so as to create a fire pattern where only one nozzle is firing at a time. 

For example if the printhead is constructed with a 7:3 configuration where the left printhead is 7 inches 
and the right 3 inches. The fire pattem length is equal to the number of dots in a half line (NLEN=n- 
1 .where n = 9744 / 2 = 4872), the COUNT-1 and B=0, The fire generator in the printhead needs to be ini- 
tialized with NLEN=4871, COUNT- 1, B=0. See Section 32.8.4 for exact details on how to program tfie 
fire pattem generator. 

Once the generator is setup the nozzle test software puts the printhead into FIRE_GEN mode and the fire 
pattem is loaded into the fire shift registers. 

The next step is to load the dot data shift registers with a test pattem. Any test pattem could be used it 
should be chosen so as to allow only one color to fire at a time. Once the printhead shift registers are ini- 
tialized the software can begin the nozzle test sequence. 

The printhead is put in FIRE_GEN mode which resets the test circuit, both phi^srclk and phi^rclk are held 
inactive. After a pre-determined time the printhead is put in TEST^MODE where the nozzle is tested. 

The test software toggles phi^rofile output pin and then samples the test result on the phijphjdata pin. 
The test software then generates one phijrclk pulse to advance the fire pattcm and repeats the profile 
pulse and test result capture as before. This procedure is repeated for all dots in the half dot line. Once the 
test result for a particular dot line is complete the whole procedure is repeated 1 2 times once for each half 
dot line. 
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The dead nozzle software collates ail the nozzles test results and produces the dead nozzle table for use bv 
the DNC. 



^ RRE INFT ^ ^ FIRE GEN ^ ^ 



NORMAL 



^ j=IRE GEN ^ fEST MOD ^ j=IRE_GEN ^ ^ST_MOgE 



pN_byncJ_ 

phi.readJ 

phLwcflT 



1 



1 



I 



~L. 



pWJre*. 
phCprafila 



Jl_, 



BreMttfata 



Testpattflm Data 



No22to test resUt 



Repeated Nozzle times 



Figure 241. Nozzle Test Modes & Setup 



32.8.2 Temperature captu re 



Occasionally the CPU will need to sample the printhead temperature and possibly adjust the firing profile 
based on the result. 

To capture the piinthead temperature, the printhead must be put into TEST.MODE, and the 
phij}h_dataj pin input mode. The CPU will toggle the phijrclk and then san^)le the phi_pk_dataj to 
capture Ihe temperature data. The cycle is repeated N times, and the N bits of data are used to generate the 
printhead ten:^)erature value. The temperature capture waveform is shown in Figure 242. 

The exact number of bits required (i.e. N) and the temperature value generation mechanism is currently 
undefined. 



phijsynd ' 
phLreadI ' 



TESr_MODE 



phi^frcUc 



ClodcO Clock 1 
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phUh^dataJ[1J Invalid \ Data 0 X Data 1 j \\\V,\\\\\\\"\\\ \ Oata N X invaBd 
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Figure 242. Temperature Capture Waveform 
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32«8.3 Printhead initialization procedure 

In order to use the printhead for the first time the CPU must download parameters for controlling the fire 
pattern generator. The download is perfonned by entering the FIRE^INTT mode and data is transferred 
through thc/^Ai>A_</ara/7;(V/i97 pins (one pin per printhead IC) and clocked into the printhead on the ris- 
mg edge of phi Jrclk. In total 29 clock cycles are required to transfer the full set of parameters. 



Table 162. Parameters for Rre Pattern Initialization 





0^ 


MMMkSMimmimmm: 


NLEN 


14 


Fire pattern length. Values defines the length of the fire pat- 
tern. NLEN=N-i where N fe the pattern length. 


COUNT 


14 


Defines the refnafning numt>er of doc* cycles required to 
generate the Rre Pattern. Is given by COUNT= (L^^) Mod 
N -1 where (S the dot length of longer printhead or 
COUNTS (La - -<(^ /2) mod N)) Mod N -1 for the shorter 
printhead 


B 


1 


Select shift register inversion tiiX. 



Once the generator is initialized the fire pattern and select pattern need to be created and shifted into their 
respective shift registers. The printheads are put mto FIRE^GEN mode and the phijrclk is toggled 
times, where is the length of the longer printhead in dots. As phi Jrclk is a common signal for both 
printheads it means that if the printhead ICs are of different length one printhead IC will get clocked too 
many times hy phi Jrclk. The fire pattern generator internal in each printfiead IC takes account of diis. See 
Section 32.8.4 Fire pattern generator. 

If dot line margining is to be used Ac dot data registers in the margining region in the printhead IC need to 
be initialized to zero before any line is printed. See section 32.6 on page 507 for a full explanation of dot 
line margin setup. The CPU does this by entering NORMAL_MODE and fiUs the dot data shift register 
with zeros. This is performed by clocking the phijsrclk to each printhead dot margin times for the each 
printhead IC. Mphi^srclk is not conmion to both printhead ICs the number of clock cg^cles can be differed 
to each printhead IC. 

Once the printhead initialization is complete control of the printhead can be released to the PHI to allow 
printing to begin. 

32.8.4 Fire pattern generator 

The fire pattem generator is logic within each printhead IC used to generate the fire pattern and the select 
shift pattern. The fire pattem generator must be initialized by the SoPEC device before a page can be 
printed. The SoPEC uses the CPU direct lO control of the printhead pins to download the initialization 
parameters and generate the initialization sequence. 
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32.9 Implementation 

32.9.1 Definitions of I/O 



Table 163. Printhead Interface I/O definition 











Clocks and Resets 


pdk 




In 


System Clock 


phidk 




In 


Printhead Intertace dock used to transfer data from pdkto 
doc/fr domains 


dodk 




In 


Data out dock (2x pdh) used to transfer data to printhead 


prst_n 




In 


System reset, synchionous active low. Synchronous to pdk 


phirBt_n 




In 


System reset, synchronous acth/e low. Synchronous to p/i/c* 


dorst_n 




fn 


System reset, synchronous active tew. Synchronous to dodk 


General 


phijcu _print,rdy 




Out 


Indicates that the first fine of data Is transferred to the printhead 
Active high. 


phi_rcu_page_finish 




Out 


Indicates that data for a complete page has transferred. Active high 


phUcujundemin 




Out 


Indicates the PHI has detected a buffer underrun. Active high 


phLicuJInesync_{nt 




Out 


Indteates the PHI has detected L/zieSync/nteo^pf number of line 
syncs. 


Debug 


<tebua.data.oiit(2X)] 


3 


In 


Output detHjg data to be muxed on to the PHI pins 


debug_cntrl[2.-0] 


3 


in 


Control signal tor each PHI bound debug data line Indk^ating 
whether or not the debug data should be selected by the pin mux 


LLUfnterfece 


Uu j)hi.dala(1 .'0][5:01 


2x6 


Out 


Dot Data from LLU to the PHI» each bit is a ootor plane 5 downto 0. 
Bus 0 • Even dot data stream 
Bus 1 ' Odd dot data stream 

Data is active %vhen corresponding bit Is active fn fiu _phi_avail bus 


phLllu_ready[1:0] 


2 


In 


Indicates that PHI Is ready to accept data from the ULU 

0 • £ven dot data stream 

1 - Odd dot data stream 


Ku_phLavailtl :0] 


2 


Out 


Indicates valid data present on corresponding Uu^j^ijdata. 
0 ' Even dot data stream 
1 - Odd dot data stream 


Printhead Interface 


phij>h_data_i(1:0)(1 ,-0] 


2x2 


(n 


Dot data input from printhead. 
Bus 0 • Printhead channel A 
Bus 1 - Printhead channel B 


phi j>h_data_o(1 :0][1 :0) 


2x2 


Out 


Dot data output to printhead. Each bus to each printhead contains 2 
bits of data 

Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phi j)h_data_e(1 :0](1 :0J 


2x2 


Out 


Dot data directk^n control. Pin is driving when high 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel 8 


phLsrclkTL-OJ 


2 

1 


Out 


Dot data shift dock used to dock in printhead data 

Bus 0 - Printhead channel A 
Blts 1 - Printhead channel B 



Doc; SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 
Page 513 




SoPEC : Hardware Design 



Table 163. Printhead Intertace I/O definltton 







iaa 




phLreadt 


1 


Out 


Common printhead mode control. Used in conjunction with 
phU^ynclto determine the printhead mode 

0 • SoPEC receiving, printhead driving 

1 • SoPEC driving, printhead receiving 


phLfrdk 


1 


Out 


Common Rro pattern dock needs to toggle once per fire cyde 


phi_prDfile 


1 


Out 


Common pulse proftJe for all cotors 


phijsynd^o 


1 


Out 


Capture dot data for next print line, output mode 


phLlsynd_e 


1 


In 


pftL^syncf output enalsle, when high (^ijsynd pin is driving 


phijsyndj 


1 


fn 


line Sync Pulse from Master SoPEC 


PCU Interfaco 


pcu^phLsel 


1 


In 


Block select from the PCU When pcu_phLsells high both pcu^axSr 
and pcu_dataoutare valkj. 


pcu_rwn 


1 


tn 


Common read/not-write signal from the PCU. 


pcu_a(lr[7:2) 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space lor this block. 


pcu_dataout[31:0] 


32 


In 


Shared write data bus from the PCU. 


phi_pcu.rdy 


1 


Out 1 


Ready signal to the PCU. When phi_pcu_tdy la high it indk»tes the 
last cyde of the access. For a write cyde this means pcu^dataout 
has t>een registered by the block and for a read cycle this means 
the data on phi_paudata is valid. 


phi_pcu_data(31 ;0J 


32 


Out 


Read data bus lo the PCU. 



i3 
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32.9.2 PHI sub-block partition 



PEP Controfler Unit 



Line Loader Unit (LLU) 



<latiUQLcntrt— 
detMiojjat^joiit- 




^ j pdk domain (160 Mhj) 



I dodk domain (320 Mh2) i i phidk domain (106 Mhz) 
Figure 243. PHI block partition 



32.9.3 Configuration registers 
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The configuration registers in the PHI arc programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the PHI. 
Note that since addresses in SoPEC are byte aligned and the PCXJ only supports 32-bit register reads and 
writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the PHL 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
ofphi^cu^data. Table 164 lists the configuration registers in the PHI 



Table 164. PHI registers descrfptlon 









Control Reg 


Istera 


0x00 


Reset 


1 


0x1 


Actfve low synchronous reset, self deactivating. A 
write to this register wf D cause a PMl block reset 


0x04 


Go 


1 


0x0 


Active high bit indicating the PHI is programmed 
and ready to use. A low to high transition will cause 
PHI block Internal state to reset. Will be automatic 
caUy reset if a page finish or a buffer uncfenrun is 
detected. 


General Con 


troi 


0x08 


PageLenUne 


32 


0x0000 
JWOO 


Specifies the number of dot lines in a page. 


OxOc 


PrfntStart 


1 


0x0 


A k>w to high transition triggers printing to start 
Only active in Master Mode 


0x10-0x14 


OotMargln 


2x16 


0x0000 


Specifies for each printhead 10, the width of the 
margin in dots divided by 2. 

0 - Printhead IC Channel A 

1 • Printhead 10 Channel B 


0x18-0x2C 


DotCount(5:0] 


6x32 


0x0000 
.0000 


Indicates the number of Dots used for a particular 
color, where N specifies a color from 0 to 5. Value 
valid after a write access lo DotCountSnap 


0x30 


DotCountSnap 


1 


0x0 


Write access causes the ^coa/nDafCounf values to 
be transferred to the OofCocinf registers. The 
AccumDotCount are reset afterwards. 


0x34 


PhiHeadSwap 


1 


0x0 


Controls which signals are connected to printhead 
channels A and B 

0 - Normal, specifies bit 0 is channel A. bit 1 Is 
channel B 

1 • Swapped, specifies bit 0 Is channel B. bit 1 is 
channel A. 


0x38 


PhiMode 


1 


0x0 


Indicates whether the PHI is operating in master or 
slave mode 

0 • Slave Mode 

1 - Master Mode 


0x30^x40 


PhiSerialOrder 


2x1 


0x0 


Specifies the serialization order of dots before 

transfer to the printhead. 

Bus 0 * Printhead Channel A 

Bus 1 - Printhead Channel B 

A 0 indicates order ABC. whUe 1 indicates C6A 
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Table 164. PHI registers description 











0x44-0x48 


PrintHeadSize 


2x16 


0x0000 


specifies the number of ruwi-margin dots in tfie 

printhead ICs. If margining ts to be used then the 

conflgured PrintHeadSize should be adjusted by the 

dot margin value i.e. PrintHeadSize = (Pttystcal- 

PrintHeadSiz0-{DotMaroin'2)). 

Bus 0 - Specifies printhead on Channel A 

Bus 1 - Specifies printhead on Channel B 


CPU Direct PHI Control (See Talile 161.) 


0x4C 


PrintHeadOpuln 


5 


0x00 


PHI intertSace pins input status. Only active In direct 
CPU mode 


QxSO 


PrintHeadOpuOir 


5 


0x00 


PHI interface pins direction control. Only active in 
direct CPU mode 


0x54 


PrintHeadCpuOut 


10 


0x000 


PHI interface pins output control. Only active in 
<firect CPU nvxie 


0X58 


PrfntHeadCpuCtn • 


1 


0x0 


Control direct access CPU access to the PHI pins 

0 - Normal Mode 

1 - Direct CPU Control mode 


Line Sync Control 


OxSC 


LsyncLow 


16 


0x0000 


Number of pAroffir cycles phLtsync/shtnAd remain 
low, • 


0x60 


LsyncHfgh 


16 


0x0000 


Number of phicfk cydes phL^ynd should remain 
high. 


0x64 


LsyncPre 


16 


0x0000 


Number of p/vc/fc cydes between P/inlStarr rising 
transition and the generated p/iLi^yncT falling edge 


0X68 


LsyncMinRerfod 


24 


OxOOjO 
000 


Minimum numl>er of p/ijcffr cycles between Lsync 
pulses. Lsync pulses of a shorter period will be 
rejected. Only used In stave mode. 


0x60 


LsyncOeglitchCnt 


4 


0x3 


Number of phidk cydes to filter the Inconrting Lsync 
pulse from the master. Only used In stave mode. 


0x70 


UneSyncfnterrupt 


16 


0x0000 


Number of line syncs to occur before generating an 
Interrupt. When set to zero Internipt is disabled. 


Shfft Register Control 


0x74 


SfdkPre 


14 


0x0000 


Number of phicfk c/cies between p/jLfc>7TC^ falling 
edge and phi^srdk pul^e generation, or printhead 
data transfer 


0x78 


SrcikPost 


14 


0x0000 


Number of phicfk cydes allowed margin from last 
srcik pulse in a line to tsefore next line sync 


0x70-0x80 


PrintHeadRate[1.*0] 


2x16 


OxFFFF 


Speciftes the active to inactive ratio of phLsrdk for 
the printhead ICs. A 1 indicates Active. 
Bus 0 - Printhead IC channel A 
Bus 1 - Printhead IC charmel B 


0x84 


DotOrderMode 


1 


0x0 


Specifies the dot transmit order to the printhead 
Channel A. Printhead Channel B is always the 
opposing order. 

0 - Even before Odd dots 

1 - Odd before Even dots 


Rre Control 


0x88 


PiofilePre 


14 


0x0000 


Number of phicik cydes phi__isyncifsd\ing edge and 
f3hi_profite pulse generation 
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Table 164. PHI reglstere description 







m 




Ox8C 


ProfiJeLow 


14 


0x0000 


Number of pNcfk cycles phi^mnte should remain 
low. 


0x90 


ProfileHigh 


14 


0x0000 


Number of phidkcycHes pN^rofUa should remain 

high. 


0x94 


PfofileNum 


16 


0x0000 


Number of profile pulses per Dne time. 


0x98 


FrdkPre 


14 


0x0000 


Number of phidkcydes phi^lsynd Mmg edge and 
phi_Mk pulse generation 


0x9C 


FrcflcLow 


14 


0x0000 


Number of pNdk cydes pNJhrclk should remain 
low. 


OxAO 


FrdkHigh 


14 


QxOOOO 


Number of p/ifctfr cycles p^LMJir should remain 
high. 


0xA4 


FrdkNum 


16 


0x0000 


Number of phfjfinsUc pulses per line time. 


Woriclng Registers 


0xAM)xAC 


UneDotCnt 


2x16 


0x0000 


Indicates the number of dot processed in the cur> 
rent line 

Bus 0 - Printhead Channel A 
Bus 1 - Printhead Channel B 
(Read Only Registers) 


OxBO 


UneCnt 


32 


0x0000 
_0000 


Indicates the number of lines processed in this page 
(Read Only Register) 



The configuration registers m the PHI block are clocked at pclk rates but several blocks in the PHI are 
clocked by different and asynchronous clocks. Configuration values are not re-synchionized, it is therefore 
important that the Go register be set to zero while updating configuration values. This prevents logic fh>m 
entmng unknown states due to metastable clock domain transfers. 

Some registers can be written to at any time such as the direct CPU control register {PrintHeadCpuIn, 
FrintHeadCpuDir^ PrintHeadCpuOut and PrintHeadCpuCtrl), the Go register and the FrintStart register. 
All registers can be read from at anytime. 

When one of the direct CPU control registers are written to the configuration registers block generates a 2 
cycle pulse {cpu_io_wr) which is used to transfer the pin control signals from the pclk domain to the phiclk 
domain. The cpujto^wr signal is a delayed version of die write enable from the CPU. 



32.9.4 Oct counter 



The dot counter keeps a running count of the number of dots fired for each color plane. The coxmters are 
32 bits wide and will saturate. When the CPU wants to read the dot coimt for a particular color plane it 
must write to the DotCountSnap register. This causes all 6 running counter values to be transferred to the 
DotCount registers in the configuration registers block. The running counter values are reset * 
// reset if being snapped 
if (dot_cnt:_snap 1) then( 

dot^count [5:0] « accunudot_count (5 :0J 

acctm\_dot.count:(5:03 = 0 

> 

// update the counts 

for (color=0; color < 6;color+*) { 

if (occuia_dot_count [color) •= Oxffff_ffff) { 
// data valid, first dot stream 

data.valid = < (phi_llu_ ready [0] == 1) AND (Hu_phi_avail ( 0] == 1)) 
if ((data.valid == 1) AND (llu_phi_data[OJ [color) == 1)) then 
accunv_dot_count (color) 
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// datft valid, second dot stream 

data_valid = ( (phi.llu^ready (IJ 1) AND (lluj)hi_avail [1] == 1)) 
if ((data_valid == 1) AND (llujhi.data(l] (color] == 1)) then 
accuiiL_dot_countC color] 

) 



32.9«5 Sync generator 



The sync generator logic has two modes of operation, master and slave mode. In master mode (configured 
by the PhiMode register) it generates the Isyncl^o output based on configured values and contn>l triggers 
from the PHI controller. In slave mode it de-glitches the incoming IsynclJ signal, and filters the Isyncl sig- 
nal with the minimum configured period. 



(^_Reset_J 



(2 



flvnc cfT"°i AhIP 
count « Isyncpre 



SyncPre 



3 



txxmt»»0 

count alsyncjow 

inejst.f 



ooum - 



SyncLow 



lsyndi.o-0 



cownt ■ isync_Ngh 



count- 



lsyncl.o-1 



gf>^^ AND 



^SyncWaft^^ 



count !»»p 
count 



count alsi 



r ^yncPeriod^ 



MacMne remains \t\ same state by defautt 
All outputs are zero unless otherwise stated 
State Description: 
Reset Normal reset state 

SyncPre: Count the LsynePre numtser of dock cycles 
SyncLow: Count the Ls/ncLow number of ctock 
cycles 

SyncHigh: Coum the LsyncHigh numtMr of dock 
cydes 

SynCWalt waft for an input Isync pulse 

SyncPsrfod: Count IheLsyncMinperkMfnuiYiber of ckack 
cyctas 



count * l9ync_<nant,j)eftocS 



favne fttnaa— 1 AIMDe«ifM<,Q 



sync.err*1 



To R«set Stale 



Figure 244. Sync generator state diagram 



After reset or a pulse on phi_go_puls€ the machine returns to the Reset state, regardless of what state it's 
currently in. 

The state machine waits until ifs enabled {sync_en=^V) by the PHI controller state machine. When 
enabled it can proceed to the SyncPre or SyncWait depending on whether the state machine is configured 
in master or slave mode. In master mode it generates the Isyncl pulses, in slave mode it receives and filters 
the Isyncl pulses from the master sync generator. 

On transition to the SyncPre state a counter is loaded with the LsynePre value, and while in the SyncPre 
the counter is decremented. When the count is zero the machine proceeds to the SyncLow state pulsing the 
/«/ie_^x signal on transition and loading the counter with LsyncLow value. This indicates to the PHI con- 
troller the line start aligned to the Isyncl negative edge. 
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The machine waits in the ^ncLow state until the counter has decremented to zero. It proceeds to the Syn- 
cHigk sXsXc and counts LsyncHigh number of cycles. While in LsyncLow stale the lsyncl_o output is set to 
0 and in SyncHigh the isyncl_o output is set to 1 - 

When the count is zero and the current line is not the last {lastjine = 0), the machine returns to the Syn- 
cLoMf state to begin generating a new line sync pulse. The transition pulses tiie line^t signal to the PHI 
controller. 

The loop is repeated until the current line is the last {lastjine «=1), and the machine returns to the Reset 
state to wait for the next page start 

In slave mode the state machine proceeds to the SyncWait state when enabled It waits in this state until a 
lsync_pulse is received from the input de-glitch circuit. When a pulse is detected the machine jumps to the 
SyncPeriod state and begins counting down the LsyncMinPeriod number of clock cycles before returning 
to the Syncfyait state. On transition from the ^ncWait to the SyncPeriod state the Unejst signal to the PHI 
controller is pulsed to indicate the line start. While in the SyncPeriod state if a isync^be is detected the 
state machine will si^ud a sync error (via sync^err) to the PHI controller and cause a buffer undemm 
interrupt. 



32.9.5,1 Lsynci input de^ntch 



The isync_i input is considered an asynchronous input to the PHI, and is passed through a synchronizer to 
reduce the possibility of metastable states occurring before being passed to the de-glitch logic. 

The input de-glitch logic rejects input states of duration less than the configured number of clock cycles 
(lsync_deglitch_cnt), input states of greater duration are reflected on the output, and arc negative edge 
detected to produce the isync_j?ulse signal to the main generator state machine. The counter logic is given 

if ( lsync_i != lsync_x_delayj then 

cnt « laync_deglitclx-cnt: 

oucput.en = 0 
elslf (cnt '» 0 ) then 

cnt = cnt 

output_en = 1 
else 

cnt — 

output_en = 0 



IsyncJ ■ 



svnehonfxer 



lsyncj,detay 



Counter 
Logic 



isync_ciegfitch_cnt . 



Compare 



Pulse 
Generator 



output en 



tsync_pulse 



Figure 245. Line sync de-glitch RTL diagram 



32,9.5.2 Line Sync interrupt iogic 

The line sync intemxpt logic counts the number of line syncs that occur (either internally or externally gen- 
erated line syncs) and determines whether to generate an interrupt or not. The numbCT of line syncs it 



Doc: SoPEC_hardware_design S3 Proprietary Document ^ Nov 2002 

Version: 2.3 Page 520 




SoPEC : Hardware Design 



counts before an intcmipt is generated is configured by the LineSyncInterrupt register. The interrupt is dis- 
abled if LineSyncInterrupt is set to zero. 
// implement the interrupt counter 
i£ (phi^o_pulse ssi) then 

line^count = 0 
elsif <line_st == 1) AND (line_count == 0)) then 

line_count = linecount_int 
elsif ((line_st =s 1) AND (line.count !«= 0)} then 

line_count — 
// determine when to pulse the interrupt 
if (linesync_int 0 ) then // interrupt disabled 

phi_icu_linesync_int = 0; 
elsif ((line.st == 1) AND (line_count == I)) then 
phi_icu_linesync_int « 1 

32.9.6 Fire generator 

The fire generator block creates the signal profile for the phijrclk and phi jjrofile signals to the printhead. 
The profile is based on configured values and is timed in relation to the fire _^nc pulse from the PHI con- 
troller block. 



Machine remains in aame $1ate by default 
All outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

FirePre: Count the RdkPre number of dock cycles, 
repeat oount set to FirdkNum 

BreHigh: Count the FiclkMigh number of dock cydes 

RreLow: Count the FrdkLow number of dock cydes 



Figure 246. Fire generator state diagram 

The fire generator consists of 2 identical state machines for creating the phi Jrclk and phi_prvftle signals 
respectively. 

The machine is reset to the Reset state when phi_go ^ulse =1 or the reset is active, regardless of the cur- 
rent state. 

The machine waits in the reset state until it receives a fire^st pulse from the PHI controller. The controller 
will generate ^fire^t pulse at the beginning of each dot line. On the state transition the cycle counter is 
loaded widi the FrclkPre value and the repeat counter is loaded with the FrclkNum value. 



Hesel5»ftM oft iniNA. 



Reset ^ 



pNjIfCOt m 0 



RrePre ^ phLft<*.o 



ceuntf»Q 



count (icCKJiigft 



count »^ 
nepeat_qount - 



oount • ffcO^Jow 



cSSiy FlreLow ^ pwjicac-o 



count«-OAND 



fgoeat cqunt **■ 0 
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The state machine waits in the FirePre state xintil the cycle counter is zero, after which it jumps to the Fire- 
High state and loads the cycle counter with FrclkHigh value. Again the state machine waits until the count 
is zero and then proceeds to the FireLow state. On transition the cycle counter is loaded with the FireLow 
value. The state machine waits in the FireLow state while the cycle counter is decremented. 

When the cycle counter reaches zero and the repeat^count is non-zero, the repeat^count is decremented, 
the cycle counter is loaded with the FrclkHigh value and the state machine jumps to the FireHigh state to 
repeat the pA/Jh:/^ generation cycle. The loop is repeated until the repeat^count is zero. In such cases the 
state machine goes to the reset state and waits for the next fire _jt pulse. 

When in the Reset state tht fire^dy signal is active to indicate to the controller that the fire generator is 
ready. 



The PHI controller is responsible for controlling all functions of the PHI block on a line by line basis. It 
controls and S3aichronizes the sync generator, the fire generator, and datapath unit, as well as signalling 



32.9.7 



PHI controller 
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back to the CPU the PHI status. It also contains a line counter to determine when a full page has completed 
printing. 

RasBtQRotil 90 outetei 

\ 

^ Reset ^ 



c 



RrstLine 



> 



«paflejen_line 



ne.oount- 



^Printstaft^ 



data fin"^i ANP 

gne count <oa9ft Ian tlna 

Bne_count ~ 



SyncWait ^ 



sync_«n«3l 



fire^st a 1 
syncsta 1 



LineTrans 



Una eQunt«.l 



1 AMP 



ine_oount~ 



fdy 



«1 



< 



data finfci 



sync_«nal 



^^JJndorrun ^ underruruemor »1 



LastUne 



3 



8ync_en «1 



Figure 247. PHI controller state machine 

The PHI controller state machine is reset to J^er^r state by a reset or pAi _go _jndse = l. 
It will remain in reset until the block is enabled hyphi^o 1 , Once enabled the state machine will jump 
to the FirstLine state, trigger the transfer of one line of data to the printhead {data^st 1) and the line 
counter will be initialized to the page length {PageLenLine). Once the Une is tiansfeired {data Jin from the 
datapath unit) the machine will go to Printstart state and signal the CPU using an interrupt that the PHI is 
ready to begin printing {phiJcuj>Hnt_tdy). The line counter wiU also be decremented. It will then wait in 
the Printstart state until the CPU acknowledges the print ready signal and enables printing by writing to 
the Printstart register 

The state machine proceeds to the SyncWait state and waits for a line start condition (line_^t =1). The Une 
start condition is different depending on whether the PHI is configured as being in a master or slave 
SoPEC (the PhiMode register). In either case the sync generator determines the correct line start source 
and signals the PHI controller via the line_st signal. Once received the machine proceeds to the LineTrans 
state, with the transition triggering the fire generator to start (fire_st), the datapath unit to start (daia^t) 
and the sync generator to start {sync_^ty 



Doc: SoPEC_harcfware_design . S3 Proprietary Document ae-Nov 2002 

Vefston:2.3 ' Page 523 



SoPEC : Hardware Design 



While in the Lineiyans state the fire, sync and datapath unit will be producing line data. When finished 
processing a line the datapath unit wiU assert the line finished (line Jin) signal. If the line counter is not 
equal to 1 (i.e. not the last line) the state machine will jump back to the SyncWait state and wait for the start 
condition for the next line. The line counter will be decremented. If the line counter is one then the 
machine will proceed to the LastLine state. 

The LastLine state generates one more line of fire pulses to print the last line held in the shift registers of 
the printhead. Once complete (firejin =1) the state machine returns to the reset state and waits for the 
next page of data. On page completion the state machine generates a phijcu _page Jinisk interrupt to sig- 
nal to the CPU that the page has completed, thephijcu^age^nish will also cause the Go register to reset 
automatically. 

While the state machine is in the LineTrans state (or in FirstLine state and the PHI is in slave mode) and 
waiting for the datapath unit to complete line processmg, it is possible (e.g. an excessive PEP stall) that a 
new line start condition occurs but the datapath unit is not ready. In this case an undertun error is gener- 
ated. The state machine goes to the Underrun state and generates a phijcu_undemm interrupt to the 
CPU. The PHI cannot recover from a buffer undenun error, the CPU must reset the PEP blocks and re- 
start printing. The phi_icu^undemin will also cause the Co register to reset automadcaily. 

32.9.8 CPU lO control 

The CPU 10 control block is responsible for accepting CPU direct 10 control signals fi-om the configura- 
tion registers {zXpclk frequency) and transferring them to phiclk frequency. It also accepts the input signals 
from the printhead and re-syndironizes them to the pclk domain, and debug signals from the RDU and 
muxes them to output pins. 

Table 161 contains the direct moping of configuration registers to printhead lO pins, £>irect CPU control 
is enabled only when PrintHeadCpuCtrl is set to one. In normal operation (Le. PrintHeadCpuCtrl — 0) 
the printhead data pins are always in output mode (phi_phJUita_e = 1 ), the phijsyncl will be in output if 
the SoPEC is the master, i.e, phi_lsyncl_e = pki^mode, and readl will be set high. 

The pseudocode for the CPU ID control is: 

if (prlnthea4_CPU.ctrl »■ 1} then // CPU access enabled 

// outputs 

phi_ph_data_o[0] {1:0J « printhea<3LcpvL.outIl:0] 
phi_ph_data_o ( 1 ] ( 1 : 0 ] = pr inthea<JL.cpu^out (3:21 
phi_lsyncl_o « printhea<3L.cpu_out t4] 

phi.readl = printheadLcptL-Out(5J 

phi_8rclk(l:0] • printheacLcpu^out (7 : 6] 

phii.frclk = .princhead_cpu_out(8] 

phi_profil© = printheacLcpu_out (9] 

// direction control 

Phi_ph«data_€ [01(1:0] » printhead_cpu_dir (1:0] 
phl_ph_data_e(l] (1:0] = printhead^cpu_dir (3:2) 
plii_layncl_e = printhead_cpu_dir (4) 

// input assignments 

printhead_cpu_in(l :0I synchronize (phi_ph_data_l(0] [1 : 0] ) 
printhead_cpu_in (3:2] = synchronize (phi_ph_data_i ( 1 J (1:0]) 
printhead_cpu_in ( 5 J = synchronize (phi_lsyncl_i 10] (1:0)) 
else // nomal connections 
// outputs 

Phi_pn«.data.o(0j (1:0] = pliL.data (0) ( 1 : 0] 
phijph_data_o(l] (1:0) « ph^data ( IJ (1 :0) 
phi_lsyncl_o = lsync_o 

phi_readl w 1 

phi_srclJc[l:0] s srcl)c(l:0) 

phi_frclk a frclk 

phi_pro£ile - profile 

// direction control 
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phi_ph.data_e[0) [1:0] = 0x3 
phij>h_data_e[lj tl:OJ = 0x3 

phi_lsyncl_e = phi_mode // depends on Master or Slave mode 

// inputs 

lsyncl_i s phi_lsync_i // connected regardless 

// debug overrides any other connections 
if <debug.cntrl[0] 1) then 

Phi_frclk a debug_data_outtO) 

phi^readl = pclk 

if (debug.cntrlll] == 1) then 

phi^profile « debug_data_out C 1 ] 

if (debug_cntrl[2] == 1) then 

phi_lsyncl_o = d€bug_data_out [ 2 ) 

phi_lfiyncl_e = 1 

The debug signalling is controlled by the RDU block (see Section 11. 8 Realtime Debug Unit (RDU)) the 
lO control in the PHI muxes debug data onto the PHI pins based on the control signals from the RDU.' 
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32.9.9 Datapath Unit 



Line Loader Unit (LLU) 
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ph«ad.swap 




print_headL»tze(0] 



prin1_he3d_8ae(01 
4 ' ! (latest 

4 ; ■ doLnw^O) 



fMjw«f«Lordet(0] 



i' I 



^ j pdk domain (160 Mhz) |^ j doctk domain (320 Mhz) i i pNdk domain (108 Mhz) 
Figure 248. Datapath Unit partition 
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32.9.10 Dot order controller 

RflsetORphi Qo pulsfe«i 



■^Q Reset J 



dot_order_rdy b1 



data «t«=l 
dot_cnt_fst B 1 



mode^sal a(tot_order_n 



.fnode 



mid ptfl-Ofa^ll 



Machine remains in same state by defauft 
Ail outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

Unestart: Start processing first part of the line, wait for 
both mid_pt to be active 

UneMid: Switch over wait state aftow pipeline to dear 

UneEnd: Line end processing wait for both Dne^fin to be 
active 



^ UneMid ^ 



mode_$ef » dot_order.mode 
oen_6n|OI 0 
g8n_en(lis0 



X mode_$el «> •(dot.ordor.moda) 



Figure 249. Dot Order controller state diagram 

The dot order controller is responsible for controlling the dot order blocks. It monitors the status of each 
block and determines the switch over point, at which the connections from odd and even dot streams to 
printhead channels are swapped. 

The machine is reset to the Reset state when phi^o _pulse = 1 or the reset is active. The machine will 
wait until it receives a data^st pulse from the PHI controller before proceeding to the LineStart stale. On 
the transition to the LineStart state it will reset the dot counter in each dot order block via the dot_cnt_rst 
signal. 

While in the LineStart state both dot order blocks are enabled (gen_en=\). The dot order blocks process 
data until each of them reach their mid point. The mid point of a line is defined by the configured printhead 
size (i.e. print_head_size). When a dot order block reaches the mid point it immediately stops processing 
and waits for the remaining dot order block. When both dot order blocks are at the mid point {mid^t — 
1 1) the controller clocks tluough the LineAfid state to allow die pipeline to empty and inmiediately goes to 
LineEnd state. 

In the LineEnd state the mode^el is switched and the dot order blocks re-enabled, in this state the dot 
order blocks are reading data from the opposite LLU dot data stream as in LineStart state. The controller 
remains in the LineEnd state imtil both dot order blocks have processed a line i.e. line^Jin =11. 

On completion of both blocks the controller returns to the Reset state and again awaits the next data^st 
pulse from the PHI controller. When in Reset state the machine signals the PHI controller that it's ready to 
begin processing dot data via the dot^rder_rdy signal. 
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The dot order controller selects which dot streams should feed which printhead channels. The order can be 
changed by configuring the DotOrderMode register In all cases Channel A and Channel B must be in 
opposing dot order modes. Table 158 shows the possible modes of operation. 



Table 165. Mode selection In Dot order controirer. 











A 


0 


0 


Even before Odd <EBO mode), even dot stream feeds 
Channel A printhead, first half line. 




0 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead. first half line. 




1 


0 


Even before Odd (ESQ mode), even dot stream feeds 

Channel A printhead, second half line. 




1 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printtiead. second half tine. 


B 


0 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead, second half line 




0 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead. second half line. 




1 


0 


Odd before Even (OBE mode), odd dot stream feeds 
Channel B printhead, first half line. 




1 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead, first half line. 



32.9. ia 1 Dot order unit 

The dot order control accepts dot data from either dot stream from the LLU and writes the dot data into the 
dot buffer. It has two modes of operation, odd before even (OBE) and even before odd (EBO). In the OBE 
mode data from the odd stream dot data is accepted first then even, in EBO mode it's vice versa. The mode 
is configurable by die DotOrderMode register. 

The dot order unit maintains a dot count that is decremented each time a new dot is received from the 
LLU. The dot order controller resets the dot counter to the print_keadj5ize[I5:0] at the start of a new line 
via the dot_cnt_rst signal. The dot coimt is compared with the printhead size {print J%ead^ize[l 5:0] 
divided by 2) to determine the mid point (mid_pt) and the line finish point (line Jin) when the dot counter 
is zero. 

The mid point is defined as the half the number of dots in a particular printhead, and is given by the 
print Jieadjsize bus. 
// define the mid point 

if (dot_cnt(15:0] «» print_headLsi*eC15 : 1 J }then 

micLpt = 1 
else 

mid_pt = 0 

The dot order unit logic maintains the dot data write pointer. Each time a new dot is written to the dot 
buffer the write pointer is incremented. The fill level of the dot buffer is determined by conqiaring the read 
and write pointers. The fill level is used to determine when to backpressure the LLU {ready signal) due to 
the dot buffer filling. A suitable threshold value is determined to allow for the fijll LLU pipeline to empty 
into the dot bufifer. 

The dot order stalling control is given by: 

// determine the ready/avail signal to use, based on mode select 
if {iziode_sel ==1) then 

dot_active = llu^hl.avail CO] AND ready 

wr.data = llu^hi.data(0] 
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else 

dot^active = llu_phi_avail C IJ AND ready 

wr_data = llu_phi_data|ll 
// update the counters 
i£ < do tractive 1) then ( 

wr_en = 1 

wr_adr 4+ 

if (dot_cnt «a 0) then 
I dot_cnt » print.head.size 

else 

dot_cnt — 

) 

The dot writer needs to detemiine when to stall the LLU dot data stream. A number of factors could stall 
the dot stream in the LLU such as buffer filling, waiting for the mid point, waiting for the line finish or the 
dot order controller is waiting for the line start condition from the PHI controller. 
The stall logic is given by: 

// determine when to stall the LLU generator 
fill_level = wr_adr - rd»adr 

if (fill.level > (32 - THRESHOLD ))then // THRESHOLD is open value TBD 

ready =0 // buffer is close to full 

els if < gen_en == 0) then 

ready = 0 // stalled by the datapath controller 

else 

ready =1 // everything good no stall ' 
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Machine remains in same slate by default 
All outputs are zero untess otherwise stated 
State Description: 
Reset: Normal reset state 
SrdkPre: Count the SrclkPre number of dock cycles 
OataGen: Read Une Dot data from buffer 
MarginQen: Generate DotMargin number of dots 
SrctkPost: Wait for SrdkPost number of cydes 
oount « prinL.'wadL3tzB 




Figure 250. Data gonerator state diagram 

The data generator block reads data from the dot buffer and feeds dot data to the piinthcad at a configured 
rate (set by the PrintheadRate). It also generates the margin zero data and aligns the <iot data generation to 
the synchronization pulse from the PHI controller. 

The data generator controller waits in Reset state until it receives a line start pulse from the PHI controller 
{data^st signal). Once a start pulse is received it proceeds to the SrclkPre state loading a counter with the 
SrclkPre value. While in this state it decrements the counter. No data is read or output at this stage. When 
fhe count is zero the machine proceeds to the DataGen state. 

On transition it loads the counter with the printhead size (print Jiead_size). If maigining is to be used then 
the configured printjieadjsize should be adjusted by the dot margin value i.e. print Jiead _fiize = 
{physic€d^rirujkead_jize - (dot^margin • 2)). 

While in DataGen state data is read from the dot buffer and output to the printhead. The counter will dec- 
rement for every dot data word transferred. The exact rate is dictated by the dot buffer fill levels and the 
configured printhead rate {PrintheadRate). 

The generator determines the rate by incrementing a rate counter (rate^cnt) while in the DataGen state. 
The rate counter is allowed to wrap normally. If the bit selected by the rate_cnt in the printjtead^ate bus 
is one data is transferred, otherwise the cycle is skipped. If the PrintHeadRate is set to all zeros then no 
data will ever get transferred. The pseudo-code for the DataGen state is given by: 
// increment the rate count 
rate^cxit 

// determino if data should be read 



3Z9.10.2Data generator 



CQttm;-«Q 



Reset OR Hhi no pi^e=ai 
\ 

Reset ^ 



count 



count m srdlc j¥tt jtoad 



[ ( SrclkPre J 
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// £irsc determine i£ data is available in buffer 
if (rdLadr != wr_adr ) then 

if (print.head.rate[rate.cnt] == 1 ) then 

dot .active = 1 

gate_8rclk =1 

rd_adr 

dot.data = rd^data 
count — 
else 

do tractive - 0 
gate.srclk » 0 

else 

detractive « 0 
gato_srclk = 0 

When the counter reaches zero the state machine will jump to the MarginGen state if the configured mar- 
gin value is non-zero, otherwise it will jump directly to the SrclkPost state. On transition to MarginGen 
state it loads the cycle counter with the dot^margin value, and begins to coimt down. While in the Margin- 
Gen state the data generator logic block writes dot data to the printhead but does not read from the dot 
buffers. It creates zero dot data words for the maigin duration. 

When the counter reaches zero the machine jumps to the SrclkPost state, loads the clock counter with the 
SrclkPost value and decrements. When the count is finished the state machine returns to the Reset and 
awaits the next start pulse. Should a line sync arrive before the data generators have completed (data Jin 
signal) the PHI controller will detect a print error and stall the PHI interface. 



32.9.10.3 Data seriaiizer 



The data seriaiizer block converts 6-bit dot data at phiclk rates (nominally 1 06 MHz) to 2-bit data at doclk 
rates (nominally 320 MHz). 



phldk 



1 



dodk 



dot_data(5:0] 

ph_data(1.'0] 
mux_8el 

gate.srdk 
0ate_8rclk_del 
srdk 



Invaiki 



3C 



Va«dI5:01 )[ VaiMIS.-0] ")( Invalid . . ) ( 



f 



i_rL_rLrL_ri_rLr 



Figure 251. Data seriaiizer timing 

The srclk is only active when data is available for transfer to the printhead, as enabled by the gate^srclk 
signal. The data rate mechanism in the data generator block will mean that data is not transferred to the 
printhead on every phiclk cycle. Both the dotjdata and gatejsrclk sigtials are clocked out by the phiclk and 
can only change on the rising of phiclk 
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The data serializer block allows easy separation of clock gating and clock to logic structures from the rest 
of the PHI interface. All registers in the block are clocked at docik rates. 



doLdala(0](5:01 - 
dot_data(1][5:0] - 



phtdk- 
phLseriaJ.ofiler- 



Hi 



Mux Logic 



phead.sMap- 
Qat8.8rclk{0] - 

docUc 



dQt_data{3:a) ^ 



dot_ctetar5:4l ^ 



mux sal 



gatB_sfclk det 



r>> 



-> ph.data(1:0] 



r 



» srdk 



Figure 252. Data seriallzer RTL Oiagram 

The mux logic determines which data bits from the dotJUua bus should be selected for output on the 
ph^data to the printhead. The selection is dependent on the phiclk edge, 
if (phiclk 1) then 

raux_8el B 1 
elsif ( muai^sel == 2 ) then 

musc^sel = 0 
else 

niu3^^sel'»-+ 

The dot data serialization order can be configured by PhiSerialOrder register. If the PhiSerialOrder is zero 
the order is dot[l:0], then dot[S:2] then dot[5:4J. If the register is one then the order is dot [5:4]^ dot[3:2], 
dotfLOJ. 
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33 Test Units 



33.1 JTAG INTERFACE 



A standard JTAG (Joint Test Action Group) Interface is included in SoPEC for Bonding and lO testing 
purposes. The JTAG port will provide access to all internal BIST (Built In Self Test) structures. 



33.2 Scan Test I/O 



The SoPEC device will require several test lO's for running scan tests. In general scan in and scan out pins 
will be multiplexed with functional pins. 

33.3 . Analog Test Units 

33.3.1 USB PHY Testing 

The USB phy analog macro, will contain Iniilt-in in test structure, which can be access by either the CPU 
or through the JTAG port 

33.3.2 Embedded PLL Testing 

The embedded clock generator PLL will require test access from JTAG port. 
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34 SoPEC Pinning and Package 



34.1 Overview 

It is intended that the SoPEC package be a 100 pin LQFP. Any spare pins in the package may be used by 
increasing the number of available GPIO pins or adding extra power and ground pin. The pin list shows the 
minimum pin requirement for the SoPEC device. 



Table 166. SoPEC Pin Ust 
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Table 166. SoPEC Pin List 
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Memjet Printhead 



S5 
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35 Memjet Printhead 

This section is quoted verbatim from SoPECTMoPEC Bilithic Printhead Reference document [10], 

35.1 Background 

Silverbrook's bilithic Memjet™ piintheads are the target printheads for printing systems v/tdch will be 
controlled by SoPEC and MoPEC devices. 

This document presents the fonnat and structure of these printheads, and describes the their possible 
airangemcnts in the target systems. It also defines a set of terms used to differentiate between the types of 
printheads and the systems which use them. 

35.2 Companion Documents 

Curreatly, this document is only concerned with the structure of the printheads and their systems, with 
regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [2] for the complete description of the functionality of these 
devices. 

This dociunent relies on certain definitions and details presented in Bilithic Printhead Specification [2]. 

35.3 Definitions 

This document presents terminology and definitions used to describe the bilithic printhead systems. These 
terms and definitions are as follows: 

• Printhead Type . There are 3 parameters which define the type of printhead-used in a system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with the printhead 

shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row» with respect to V+ y 

• Printhead footprint (type A or type B, characterized by the data pin being on the left or the right of 

where is at the top of the printhead). 

• Printhead Arrangement - Even though there are 8 printhead types, each arrangement has to use a spe- 

cific pairing of printheads, as discussed in Section 35.4. This gives 4 pairs of printheads. However, 
because the paper can flow in either direction with respect to the printheads, there are a total of eight 
possible arrangements, e.g. Arrangement 1 has a Type 0 printhead on the left with respect to the 
paper flow, and a Type 1 prin&ead on the right Arrangement 2 uses the same printhead pair as 
Arrangement 1 , but the paper flows in the opposite direction. 

• Color 0 is always the first color plane encountered by the paper. 

• Dot 0 is defined as the nozzle which can print a dot in the left-most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout this docimient, where the variot2S printheads and systems are presented, the print- 
heads always shoot ink down onto the page. 

Figure 253 shows the 8 different possible printhead types. Type 0 is identical to the Right Printhead pre- 
sented in Figure 3 in [2], and Type 1 is the same as the Left Printhead as defined in [2]. 
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While theprintheads shown in Figure 253 look to be of equal width (having the same number of nozzles) it 
is important to remember that in a typical system, a pair of unequal sized printheads may be used 
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Figure 253« Printhead Types 0 to 7 

Table 167 defines the printhead pairing and location of the each printhead type, with respect to the flow of 
paper, for the 8 possible arrangements 

Table 167. Definition of the different printhead arrangements 
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35.4 



BlUTHic Printhead Systems 



When using the bilithic printheads, the position of the power/gnd bars coupled with the physical footprint 
of the printheads mean that we must use a specific pairing of printheads together for printing on the same 
side of an A4 (or wider) page, e.g, we must always use a Type 0 printhead with a Type 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of printheads, this docu- 
ment only presents two of them, Arrangement 1 and Arrangement 2, for purposes of illustration. These 
two arrangements are discussed in subsequent sections of this document. However, the oAer 6 possibilities 
also need to be considered. 

The main difference between the two printhead arrangements discussed in this document is the direction 
of the paper flow. Because of this, the dot data has to be loaded differently in Arrangement 1 compared to 
Arrangement 2, in order to render the page correctly. 



Figure 254 shows an Arrangement 1 printing setu^, where the bilithic prinliieads are arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the pa^er flow. 

• The Type 1 printhead is on the right 



35.4.1 Example 1 : Printhead Arrangement 1 
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Type 0 Printhead 



Type 1 Printhead 




Gnd 



The printheads are facing downwards. 
The ink is being shot down onto the page Direction 

of Paper Flow 



Figure 254. Identification of printheads noszfes and shfft-reglster sequences for printheads in 

Arrangement 1 

Table 168 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color 0-dot 0 appears on the left side of the printed page. 



Table 168. Order in which the even and odd dots are loaded for printhead Arrangement 1 
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Loaded second in 
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Loaded first in 
descending order. 


Even 


Loaded first in 
ascending order. 


Loaded second In 
ascending order. 
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Figure 255 shows how the dot data is demultiplexed within the printheads. 
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Figure 255. Demultiplexing of data within the printheads In Arrangement 1 

Figure 256 aod Figure 257 show the way in which the dot data needs to be loaded into the printheads in 
Anangement 1 , to ensure that color 0-dot 0 appears on th& left side of the printed page. 

DatafO] <®@^>®©@)®©^^^^^©@ 
I>ata[l] 

SrClk -xnjiJijajT.jxjnjT^ 



Figure 256. Signalling for a Type 0 printhead In Arrangement 1 



SrClk nJTJTJTJTJTJTJTJ^^ 

Rgure 257. Signalling for a Type 1 printhead in Arrangement 1 



35.4.2 Example 2: Printhead Arrangement 2 

Figure 258 shows an Anangement 2 printing setup, where the bilithic printheads are arranged as follows: 

• The Type I printhead is on the left with respect to the direction of the paper flow, 

• The Type 0 printhead is on the right. 
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The piintheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Printhead 



Direction 
of Paper Flow 
V4- 



Type 1 Printhead 




Gnd 

Figure 258. Identification of prfntheads nozzles and shift-register sequences for printheads in 

Arrangement 2 

Table 169 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color 0-dot 0 appears on the left side of the printed page. 

Table 169. Order In which the even and odd dots are loaded for printhead Arrangement 2 
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Loaded second in 
descending order. 
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ascending order. 


Loaded first in 
ascending order. 
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Figure 259 shows how the dot data is demultiplexed within the printheads. 
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Figure 259. Demultiplexing of data within the printheads in Arrangement 2 

Figure 260 and Figuie 261 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 2, to ensure that color 0-dot 0 appears on the left side of the printed page. 

Data[0] 

SiClk nJTJT-TTJnJTJTJXn^^ 

Figure 260. Signalling for a Type 0 printhead in Arrangement 2 



SrClk nJTJTJTJTJTJTJTJ^ 

Figure 261. Signalling for a Type 1 printhead in Arrangement 2 

35.4.3 Conclusions 

Comparing the signalling diagrams for Arrangement 1 with those shown for Airangement 2, it can be seen 
that die color/dot sequence output for a printhead type in Arrangement 1 is the reverse of the sequence for 
same printhead in Arrangement 2 in terms of the oider in which the color plane data is output, as well as 
whether even or odd data is output first. However, the order within a color plane remains the same, i.e. odd 
descending, even ascending. 

From Figure 262 and Table 1 70, it can be seen that the plane which has to be loaded first (i.e. even or odd) 
depends on the arrangement. Also, the order in which the dots have to be loaded (e.g. even ascending or 
descending etc.) is dependent on the arrangement 
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If the device controlling the printheads can re-order the bits according to the following criteria, then it 
should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes in either ascending or descending order, independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 
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Figure 262. All 8 Printhead Arrangements 



Table 170. Order In which even and odd dots and planes are loaded into the various printhead 
arrangements 







^^^^^^^^^^^ 


Arrangement 1 


Even ascerxiing loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Table 170. Order In which even and odd dots and planes are loaded Into the various printhead 
arrangements 





^^^^^^^^^^^^^^^^^^^ 




Airangement 3 


Odd ascending loaded first 
Even descending leaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded secorKl 


Arrangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascertding loaded first 
Even descending loaded secorKl 


Arrangement 7 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Anangement 6 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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